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‘ LECT.

2 Of Dialing.

and those dials whose planes are perpendicular
to the plane of the horizon, are called vertical,
or erect, sun-dials.

Those erect dials, whose planes directly front
the north or south, are called direct north or
south dials ; and all other erect dials are called
decliners, because their planes are turned away
from the north or south.

Those dials, whose planes are neither parallel

‘nor perpendicular to the plane of their horizon,

are called inclining, or reclining dials, accord-
ing as their planes make acute or obtuse angles
with the horizon ; and if their planes are also
turned aside from facing the south or north,
they are called declining-inclining, or declining-
reclining dials.

The intersection of the plane of the dial, with
that of the meridian, passing through the stile,
is called the meridian of the dial, or the hour-
line of XIIL

Those meridians, whose planes pass through
the stile, and make angles of 15, 30, 45, 60, 75,
and 90 degrees with the meridian of the place
(which marks the hour-line, of XII) are called
hour-circles ; and their intersections with the
plane of the dial, are called hour-lines.

In all declining dials, the substile makes an
angle with the hour-line of XII ; and this angle

- 1s called the distance of the substile from the

meridian,
The declining plane’s difference of longi-

" tude, is the angle formed at the intersection
of the stile and plane of the dial, by two

meridians ; one of which passes through the
hour-line of XII and ,the other’ through the
substile.
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This much being premised concerning dials in LECT.
general, we shall now proceed to explain the difs _*:
Serent methods of their construction:

If the whole earth, @ P ¢ p were transparent, prare
and hollow, like a sphere of glass, and had its XX
equator divided into 24 ‘equal parts by so many ’:' e
meridian semicircles, a, b, ¢, d, ¢, f, g, &c. one Yo
of which is the geographical meridian of any principle
given place, as London, which is supposed to be,‘,’;",,}:;mh
at the point «; and if the hours of XII weredepends:
marked at the equator, both upon that meri-
dian and the opposite one, and all the rest of
the hours in order on the rest of the meridians,
those meridians would be the hour-circles of
London ; then, if the sphere had an opaque
axis, as P E p, terminating in the poles P and
p» the shadow of the axis would fall upon every
particular meridian and hour, when the sun
came to the plane of the opposite meridian, and
would consequently shew the time at London,
and at all other places on the meridian of Lon-
don.

If this sphere was cut through the middle by Herixonrsz
a solid plane 4BCD, in the rational horizon of
London, one half of the axis £P vould be above
the plane, and the other half below it ; and if
straight lines were drawn from the centre of
the plane, to those points where the circumfer-
ence is cut by the hour-circles of the sphere,
those lines: would be the hour-lines of a hori-
zontal dial for London : for the shadow of the
axis would fall upon each particular hour:line
of the dial, when it fell upon the like hour-
circle of the sphere.

If the plane which cuts the sphere be upright, Fig. 3.
at AFCG, touching the given place (London)
at F, and directly facing the mer.dian of Lon-

. A2
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4 Of Dialing.

don, it will then become the plane of an erect
direct south dial; and if right lines be drawn
from its centre E, to those points of its circum-
ference where the hour-circles of the sphere cut
it, these will be the hour-lines of a vertical or
direct south dial for London, to which the hours
are to be set as in the figure (contrary to those
on a horizontal dial), and the lower half £ p of
the axis will east a shadow on the hour of the
day in this dial, at the same time that it would
fall upon the like hour-circle of the sphere, if
the dial plane was not in the way.

If the plane (stll facing the meridian) be
made to incline, or recline, by any given num-
ber of degrees, the hour-circles of the sphere
will still ‘cut the edge of the plane in those
points to which the hour-lines must be drawn
straight from the centre; and the axis of the
sphere will cast a shadow on these lines at the
respective hours. The like will still hold, if the
plane be made to decline by any given number
of degrees from the meridian, toward the east
or west: provided the declination be less than
90 degrees, or the reclination be less than the
co-latitude of the place: and the axis of the
sphere will be a gnomon, or stile, for the dial.
But it cannot be a gnomon, when the declina-
tion is quite 90 degrees, nor when the reclination
is equal to the co-latitude ; * because in these two
cases, the axis has no elevation above the plane
of the dial.

And thus it appears, that the plane of every
dial represents the plane of some great circle

* If the latitude be subtracted from g0 degrees, the re-
mainder is called the co-latitude, or complemeat of the la-
titude.
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upon the earth; and the gnomon the earth’s LECT.
axis, whether it be a small wire, as in the above X
figures, or the edge of a thin plate, as in the
common horizontal dials.

The whole earth, as to its bulk, is but a point,
if compared to its distance from the sun; and
therefore, if a small sphere of Igﬁllass be placed
upon any part of the earth’s surface, so that its
axis be parallel to the axis of the earth, and the
sphere have such lines upon it, and such planes
within it, as above described, it will shew the
hours of the day as truly as if it were placed at
the earth’s centre, and the shell of the earth were
as transparent as glass.

But because it is impossible to have a hollow Fig. 2, 3.
sphere of glass perfectly true, blown round a
solid plane : or if it was, we could not get at the
plane within the glass to set it in any given po-
sition ; we make use of a wire sphere to explain
the principles of dialing, by joining 24 semi-
circles together at the poles, and putting a thin
flat plate of brass within it.

A common globe, of 12 inches diameter, has Diakng by
generally 24 meridian semicircles drawn upon ¢ m
it. If such a globe be elevated to the latitude tiat giobe.
of any given place, and turned about until any
one of these meridians cuts the horizon in the
north point, where the hour of XII is supposed
to be marked, the rest of the meridians will cut
the horizon at the respective distances of all the
other hours from XII. Then, if these points of
distance be marked on the horizon, and the
globe be taken out of the horizon, and a flat
board or plate be put into its place, even with
the surface of the horizon, and if straight lines
be drawn from the centre of the board to those

: A3
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points of distance on the horizon which were
cut by the 24 meridian semicircles, these lines
will be the hour-lines of a horizontal dial for
that latitude, the edge of whose gnomon must
be in the very same situation that the axis of
the globe was, before it was taken out of the
horizon : that is, the gnomon must make an angle
with the plane of the dial equal to the latitude
of the place for which the dial is made.

If the pole of the globe be elevated to the
co-latitude of the given place, and any meridian
be brought to the north point of the horizon,
the rest of the meridians will cut the horizon in
the respective distances of all the hours from XII,
for a direct south dial, whose gnomon must make
an angle with the plane of the dial, equal to the
co-latitude of the place; and the hours must be
set the contrary way on this dial, toa what they
are on the horizontal.

But if your globe have more than twenty-
four meridian semicircles upon it, you must take
the following method for making Aorizontal and
soutly dials Ly it.

Elevate the pole to the latitude of your place,
and turn the globe until any particular meridian
(suppose the first) comes to the north point of
the horizon, and the opposite meridian will cut
the horizon in the south. Then, set the hour-
index to the uppermost XII on its circle ; which
done, turn the globe westward until fifteen de-
grees of the equator pass under the brazen me-
ridian, and then the hour-index will be at I (for
the sun moves fifteen degrees every hour) and
the first meridian will cut the horizon in the
number of degrees from the north point, that I
is distant from XIL. Turn on untl other 15
degrees of. the equator pass under the brazen
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meridian, and the hour index will then be at 1I,
and the first meridian will cut the horizon in
the number of degrees that II is distant from
XII: and so, by making 15 degrees of the
equator pass under the brazen meridian for every
hour, the first meridian of the globe will cut
the horizon in the distances of all the hours
from XII to VI, which is just 90 degrees; and
then you need go no farther, for the distances
of XI, X, IX, VIII, VII, and VI, in the fore-
noon, are the same from XII, as the distances
of I, II, III, IV, V, and VI, in the afternoon ;
and these hour-lines continued through the
centre, will give the opposite hour-lines on the
other half of the dial: but no more of these
lines need be drawn than what answer to the
sun’s continuance above the horizon of your
place on the longest day, which may be easily
found by the twenty-sixth problem of the fore-
going lecture.

Thus to make a horizontal dial for the lati-
tude of London, which is 511 degrees north,
elevate the north pole of the globe 511 degrees
above the north point of the horizon, and then
turn the globe, until the first meridian (which
is that of London on the English terrestrial
globes) cuts the north point of the horizon, and
set the hour-index to XII at noon.

Then, turning the globe westward until the
index points successively to I, II, III, IV, V,
and VI, in:the afternoon ; or until 15, 30, 45,
60, 75, and 90 degrees of the equator pass un-
der the brazen meridian, you will find that the
first meridian of the .globe cuts the horizon in
the following number of degrees from the north
toward the east, viz. 114, 242, 882, 531, 755,
and 90 ; which are the respective distances of

2

LECT,

ey —
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LECT. the above hours from XII upon the plane of the

Prate
XXI.

Fig. 1.

horizon.

To transfer these, and the rest of the hours,
to a horizontal plane, draw the parallel right
lines g c and & d upon that plane, as far from
each other as is equal to the intended thickness
of the gnomon or stile of the dial, and the space
included between them will be the meridian
or twelve .0’clock line on the dial. Cross this
meridian at right angles with the six o’clock line
g h, and setting one foot of your compasses in
the intersection @, as a centre, describe the
quadrant g e with any convenient radius or
opening of the compasses: then, setting one
foot in the intersection 4, as a centre, with the
same radius describe the quadrant f %, and di-
vide each quadrant into 90 equal parts or de-
grees, as in the figure.

Because the hour-lines are less distant from
each other about noon, than in any other part
of the dial, it is best to have the centres of these
quadrants at a little distance from the centre of
the dial-plane, on the side opposite to XII, in
order to enlarge the hour-distances thereabout
under the same angles on the plane. Thus, the
centre of the plane is at C, but the centres of
the quadrants at a and &.

Lay a ruler over the point & (and keeping it
there for the centre of all the afternoon hours in
the quadrant f4), draw the hour-line of I,
through 113 degrees in the quadrant ; the hour-
line of II, through 24 degrees ; of IIl, through
382 degrees; I, through 53%; and V, through
W12 : and because the sun rises about four m
the morning, on the longest days at London,
continue the hour-lines of IIII and V, in the
afternoon, through the centre & to the opposite

3
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side of the dial.—This done, lay the ruler to the
centre a, of the quadrant e g, and through the
like divisions or degrees of that quadrant, viz.
113, 243, 887, 531, and 71, draw the fore-
noon hour-lines of XI, X, IX, VIII, and VII ;
and because the sun does not set before eight in the
evening on the longest days, continue the hour-
lines of VII and VIII in the forenoon, through
the centre a, to VII and VIII in the afternoon ;
and all the hour-lines will be finished on this
dial, to which the hours may be set, as in the
figure.

Lastly, through 511 degrees of either quad-
rant, and from its centre, draw the right line a g
for the hypothenuse or axis of the gnomon a gi;
and from g, let fall the perpendicular g7, upon
the meridian line a7, and therg will be a triangle
made, whose sides are ag, g7, and ia. Ifa
plate, similar to this triangle, be made as thick
as the distance between the lines « ¢ and ¢ d, and
set upright between them, touching at a and ¢,
its hypothenuse a g will be parallel to the axis
of the world, when the dial is truly set; and
will cast a shadow on the hour of the day.

N. B. The trouble of dividing the two quad-
rants may be saved, if you have a scale with a
line of chords upon it, such as that on the right
hand of the plate ; for if you extend the com-
passes from O to 60 degrees of the line of chords,
and with that extent, as a radius, describe the
two quadrants upon their respective centres, the
above distances may be taken with the com-
passes upon the line, and set off upon the qua-
drants.

LECT.
X.

‘——v—-’

To make an erect direct south dial. Elevate o cop.
the pole to the co-latitude of your place, and struct an

proceed in all respects as above taught for the

erect direct

scugh dial.
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horizontal dial, from VI in the morning to VIin
the afternoon, only the hours must be reversed,
as in the figure; and the hypothenuse « g, of
the gnomon a g f; must make an angle with the
dial-plane, equal to the co-latitude of the place.
As the sun can shine no longer on this dial than
from six in the morning till six in the evening,
there is no occasion for having any more than
twelve hours upon it. *

To make an erect dial, declining from the soutl.
toward the east or west. Elevate the pole to the
latitude of your place, and screw the quadrant
of altitude to the zenith, Then, if your dial de-
clines toward the east (which we shall suppose

.it to doat present) count on the horizon the

degrees of declination, from the east point to-
ward the north, and bring the lower end of the
quadrant to that degree of declination at which
the reckoning ends. 'This done, bring any par-
ticular meridian of your globe (as suppose the
first meridian) directly under the graduated edge
of the upper part of the brazen meridian, and
set the hour-index to XII at noon. Then, keep-
ing the quadrant of altitude at the degree of
declination in the horizon, turn the globe east-
ward on its axis, and observe the degrees cut by
the first meridian in the quadrant of altitude
(counted from the zenith) as the hour-index
comes to X1, X, IX, &c. in the forenoon, or as
15, 80, 45, &c. degrees of the equator pass un-
der the brazen meridian at these hours re-
spectively ; and the degrees then cut in the

® A new and very simple geometrical method of con-
structing sun-dials may be seen in our author’s Mechanical
Exercises, p. 94.—Eb.
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quadrant by the first meridian, are the respective LECT.
distances of the forenoon hours from XII on the, *
plane of the dial —Then, for the afternoon
hours, turn the quadrant of altitude round the
zenith untl it comes to the degree in the ho-
rizon opposite to that where it was placed be-
fore ; namely, as far from the west point of the
horizon toward the south, as it was set at first
from the east point toward the north ; and turn
the globe westward on its axis, until the first
meridian comes to the brazen meridian again,
and the hour-index to XII: then, continue to
turn the globe westward, and as the index points
to the afternoon hours I, 1I, TII, &c. or as 15,
30, 45, &c. degrees of the equator pass under
the brazen meridian, the first meridian will cut
the quadrant of altitude in the respective num-
ber of degrees from the zenith, that each of
these hours is from XII on the dial.—And note,
that when the first meridian goes off the quad-
rant at the horizon, in the forenoon, the hour-
index shews the time when the sun will come
upon this dial : and when it goes off the quad-
rant in the afternoon, the index will point to
the time when the sun goes off the dial.

Having thus found all the hour-distances
from XII, lay them down upon your dial-plate,
either by dividing a semicircle into two quad-
rants of 90 degrees each (beginning at the hour-
line of XII) or by the line of chords, as above
directed.

In all declining dials, the line on which the
stile or gnomon stands (commonly called the
substile line) makes an angle with the twelve
o’clack line, and falls among the forenoon
hour-lines, if the dial declines toward the east;
and among the afternoon hour-lines, when
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the dial declines toward the, west; that is, to
the left hand from the twelve o’clock line in
the former case, and to the right hand from it
in the latter.

To find the distance of the substile from the
twelve o’clock line ; if your dial declines from
the south toward the east, count the degrees of
that declination in the horizon from the east
point toward the north, and bring the lower end
of the quadrant of altitude to that degree of
declination where the reckoning ends: then
turn the globe until the first meridian cuts the
horizon in the like number of degrees, counted
from the south point toward the east ; and the
quadrant and first meridian will then cross one
another at right angles, and the number of
degrees of the quadrant, which are intercepted
between the first meridian and the zenith, is
equal to the distance of the substile line from
the twelve o’clock line ; and the number of de-
grees of the first meridian, which are intercepted
between the quadrant and the north pole, is
equal to the elevation of the stile above the -
plane of the dial.

If the dial declines westward from the south,
count that declination from the east point of the
horizon toward the south, and bring the quad-
rant of altitude to the degree in the horizon at
which the reckoning ends ; both for finding the
forenoon hours, and the distance of the substile
from the meridian : and for the afternoon hours,
bring the quadrant to the opposite degree in the
horizon, namely, as far from the west toward
the north, and then proceed in all respects as
above. |
" Thus, we have finished our declining dial ;
and in so doing, we made four dials, viz.
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1, A north dial, declining northward by the vrEcT.
same number of degrees. 2, A north dial, de- __*-
clining the same number west. 3, A south dial, "
declining east. And, 4, A south dial, declining
west. Only, placing the proper number of hours,
and the stile or gnomon respectively, upon each
plane. For, (as above mentioned) in the south-
west plane, the substile line falls among the af-
ternoon hours; and in the south-east, of the
same declination among the forenoon hours, at
equal distances from XII. And so, all the
morning hours on the west decliner will be like
the afternoon hours on the east decliner ; the
south-east decliner will produce the north-west
decliner ; and the south-west decliner, the north-
east decliner, by only extending the hour-lines,
stile and subtile, quite through the centre: the
axis of the stile, (or edge that casts the shadow
on the hour of the day) being in all dials what-
ever parallel to the axis of the world, and con-
sequently pointing toward the north pole of the
heaven in north latitudes, and toward the south
pole, in south latitudes. See more of this in the
Jollowing lecture.

But because every one who would like toAnessy
make a dial, may perhaps not be provided withm<hed fer
a globe to assist him, and may probably not un-ing of a
derstand the method of doing it by logarithmic
calculation ; we shall shew how to perform it
by the plain dialing lines, or scale of latitudes
and hours; such as those on the right hand of
Fig. 4, in' Plate XXI, or at the top of Plate
XXII, and which may be had on scales com-
monly sold by the mathematical instrument
makers,

This is the easiest of all mechanical methods,
and by much the best, when the lines are truly
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LECT. divided : not only the half hours and quartérs

: ,may be laid down by all of them, but every

fifth minute by most, and every single minute

by those where the line of hours is a foot in
length.

Fig. 3. Having drawn your double meridian line &,

: cd, on the plane intended for a horizontal dial,

and crossed it at right angles by the six o’clock

line fe (asin Fig. 1), take the latitude of your

place with the compasses, in the scale of lati-

tudes, and set that extent from ¢ to e, and from

a to f, on the six o’clock line : then, taking the

whole six hours between the points of the com-

* passes in the scale of hours, with that extent set

one foot in the point e, and let the other foot

fall where it will upon the meridian line cd, as

at d. Do the same from f to 0, and draw the

right lines e d and £'b, each of which will be equal

in length to the whole scale of hours. This

done, setting one foot of the compasses in the

beginning of the scale at XII, and extending the

other to each hour on the scale, lay off these ex-

tents from d to e for the afternoon hours, and

from b to f for those of the forenoon : this will

divide the lines d ¢ and 4 / in the same manner

as the hour-scale is divided, at 1, 2, 3, 4, 5, and

6, on which the quarters may also be laid down,

if required. Then, laying a ruler on the point

¢, draw the first five hours in the afternoon, from

that ‘point, through the dots at the numeral

figures 1, 2, 3, 4, 5, on the line de ;. and con-

tinue the lines of IIIT and V through the centre

¢ to the other side of the dial, for the'like hours

of the morning ; which done, lay the ruler on

the point a, and draw the last five hours in the

forenoon through the dots 5, 4, 3, 2, .1, on

the line f4; continuing the hour-lines of VII
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and VI through the centre a to the other side vLECT.
of the dial, for the like hours of the evening; _*
and set the hours to their respective lines as

in the figure. Lastly, make the gnomon the

same way as taught above for the horizontal

dial, and the whole will be finished.

To make an erect south dial, take the co-
latitude of your place from the scale of latitudes,
and then proceed in all respects for the hour-
lines, as in the horizontal dial ; only reversing
the hours, asin Fig. 2; and making the angle
of the stile’s height equal to the co-latitude.

I have drawn out a set of dialing lines upon
the top of Plate XXII large enough for making
a dial of nine inches diameter, or more inches
if required ; and have drawn them tolerably ex-
act for common practice, to every quarter of an
hour. This scale may be cut oft from the plate,
and pasted upon, wood, or upon the inside of
one of the boards of this book ; and then it will
be somewhat more exact than it is on the
plate, for being rightly divided upon the copper-
plate, and printed off on wet paper, it shrinks
as the paper dries ; but when it is wetted again,
it stretches to the same size as when newly
printed ; and if pasted on while wet, it will re-
main of that size afterwards.

But lest the young dialist should have neither
globe nor wooden scale, and should tear or
otherwise spoil the paper one in pasting, we shall
now shew him how he may make a dial with-
out any of these helps. Only, if he has not a
line of chords, he must divide a quadrant into
90 equal parts or degrees for taking the pro-

per angle of the stile’s elevation, which is easily
done, ¢ ,
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With any opening of the compasses, as Z L,
describe ‘the two semicircles L F% and L Q#,
upon the centres Z and z, where the six o’clock
line crosses the double meridian line, and divide

Horizomtas €2Ch semicircle into 12 equal parts, beginning at

dial,

Seuh dial.

L ; though, strictly speaking, only the quadrants
from L to the six o’clock line need be divided ;
then connect the divisions which are equidistant
from L, by the parallel lines KM, IN, HO, GP,
and F'Q. Draw VZ for the hypothenuse of the
stile, making the angle /'Z I equal to the lati-
tude of your place; and continue the line /72
to R. Draw the line Rr parallel to the six
o’clock line, and set off the distance « £ from Z
to Y, the distance b 7 from Z to X, ¢ H, from Z
to W, dG from Z to T, and e Ffrom Z to S.
Then draw the lines §'s, Tt, Ww, Xz, and Yy
each parallel to Rr. Set off the distance 7Y
from a to 11, and from f to 1: the distance » X
trom 6 to 10, and from g to 2; w /¥ from c to 9,
and from A to 3; t T from d to 8, and from ¢ to
45 58 from e to 7, and from n to 5. Then,
laying a ruler to the centre Z, draw the fore-
noon hour lines through the points 11, 10, 9, 8,
7 ; and Iaymg it to the centre z, draw the af-
ternoon lines through the points 1, 2, 3, 4, 5;
continuing the forenoon lines of VII and VIII
through the centre Z, to the opposite side of the
dial, for the like afternoon hours ; and the after-
noon lines IIII and V through the centre z, to
the opposite side, for the like morning hours.
Set the hours to these lines as in the figure, and
then erect the stile or gnomon, and the horizon-
tal dial will be finished.

To construct a south dial, draw the lines
V' Z, making an angle with the meridian Z Z
equal to the co-latitude of your place, and pro-
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ceed in all respects as in the above horizontal recr.
dial for the same latitude, reversing the hours X
as in Fig. 2, and making the élevation of the
gnomon equal to the co-latitude.

Perhaps it may not be unacceptable to explain
the method of constructing the dialing lines, and
some others, which is as follows. -

‘With any opening of the compasses, as £ 4, Prare

saccording to the intended length of the scale, ¥X!!
describe the circle #DCB, and cross it at right Fig. r.
angles by the diameters CEA and DEB. Di-D
vide the quadrant 4 B first into nine equal parts, construct-
and then each part into 10; so shall the quad-*¢*
rant be divided into 90 equal parts or degrees.
Draw the right line 4 F B for the chord of this
quadrant, and setting one foot of the compasses
in the point A, extend the other to the several
divisions of the quadrant, and transfer these
divisions to the line A F B by the arcs, 10 10,
20 20, &c. and this will be a line of chords
divided into QO unequal parts; which, if trans-
ferred from the line back again to the quadrant,
will divide it equally. It is plain by the figure,
that the distance from A to 60 in the line of
chords, is just equal to 4 E, the radius of the
circle from which that line is made; for if the
arc 60 60 be continued, of which A is the centre,
it goes exactly through the centre E of the arc
A4B.

And therefore, in laying down any number
of degrees on a circle, by the line of chords, you
must first open the compasses, so as to take in
just 60 degrees upon that line, as from A to 60:
and then, with that extent, as a radius, describe
a circle which will' be exactly of the same size
with that from which the line was divided :

Vol. II. 4B
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LECT. . which done, set one foot of the compasses in the
X- - beginning of the chord line, as at .4, and extend
" the other to the number of degrees you want

upon the line, which extent, applied to the
circle, will include the like number of degrees
upon it. .
Divide the quadrant C.D into 90 equal parts,
.and from each point of division draw right lines
as #, &, I, &c. to the line CE ; all perpendicular
to that line, and parallel to D £, which will
divide £ C into a line of sines; and although
these are seldom put among the dialing lines on
a scale, yet they assist in drawing the line of
latitudes. For, if a ruler be laid upon the point
D, and over each division in the line of sines,
it will divide the quadrant C B into 90 unequal
parts, as Ba, ab, &c. shewn by the right lines
10a, 200, 30 ¢, &c. drawn along the edge of
the ruler. _If the right line B C be drawn, sub-
tending this quadrant, and the nearest distances
Ba, Bb, Cc, &c. be taken in the compasses
from B, and set upon this line in the same man-
ner as directed for the line of chords, it will
make a line of latitudes B C, equal in length to
the line of chords 4 B, and of an equal-number
of divisions, but very unequal as to their lengths.
Draw the right line D G4, subtending the
quadrant D4 ; and parallel to it, draw the right
line rs, touching the quadrant D A4 at the
numeral figure 3. Divide this quadrant into
six equal parts, as 1, 2, 3, &c. and through these
points of division draw right lines from the
centre [2 to the line r s, which will divide it at
the points where the six hours are to be placed,
as in the figure. If every sixth part of the
quadrant be subdivided into four equal parts,
right lines drawn from the centre through these
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points of division, and continued to the line s, 1rer.
will divide each hour upon it into- quarters. X

In Fig. 2, we have the representation of a"_,“‘;—"
portable dial, which may be easily drawn on a/ 5" "
card, and carried in a pocket-book. The linesFig. 2.
ad, ab, and bc, of the gnomon must be cut
quite through the card ; and as the-end ab of
the gnomon is raised occasionally above .the
plane of the dial, it turns upon the uncut line
cd as on a hinge. The dotted line 4B must be
slit quite through the card, and the thread must
be put through the slit, and have a knot tied
behind, to keep it from being easily drawn out.

On the other end of this thread is a small plum-
met D, and on the middle of it a small bead for
shewing the time of the day. :

To rectify this dial, set the thread in the slit
right against the day of the month, and stretch
the thread from the day of the month over the
angular. point where the curve lines meet at
XII; then shift the bead to that point on the
thread, and the dial will be rectified.

To find the hour of the day, raise the gnomon
(no matter how much or how little) and hold
the edge of the dial next the gnomon toward
the sun, so as the uppermost edge of the shadow
of the gnomon may just.cover the shadow line ;
and the bead then playing freely on the face of
the dial, by the weight. of the plummet, will
shew the time of the day among'the hour-lines,
as - is forenoon or afternoon.

To find the time of sun rising and setting,
move the thread among the hour-lines, until it
either covers some one of them, or lies parallel
betwixt any two ; .and then it will cut the time
of sun-rising among the forenoon hours; and of

sun-setting among the afternoon hours, ‘on that
: B2
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Lrct. day of the year for which the thread is set in the

X.

Tig. 3.

scale of months.

To find the sun’s declination, stretch the
thread from the day of the month over the
angular ‘point at XII, and it will cut the sun’s
declination, as it is north or. south, for that day,
in the arched scale of north and south declina-
tion.

To find on what day the sun enters the
signs : when the bead, as above rectified, moves
along any of the curve lines which have the
signs of the zodiac marked upon them,. the sun
enters those signs on the days pointed out by
the thread in the scale of months. :
" The construction of this dial is very easy,
especially if the reader compares it all along
with Fig. 3, as he reads the following explana-
tion of that figure.

" Draw the occult line 4B parallel to the top
of the card, and cross it at right angles with the
six o’clock line EC D ; then upon C, as a centre,
with the radius C 4, describe the semicircle
AE L, and divide it into 12 equal parts (be-
ginning at A), as Ar, rs, &c. and from these
points of division, draw the hour-lines r, s, ¢, u,
v, E, w, and x, all parallel to the six o’clock line
E C. If each part of the semicircle be divided
into four equal parts, they will give the half-
hour lines and quarters, as in Fig. 2. Draw the
right line 48D o, making the angle §4 B equal
to the latitude of your place.. Upon the centre 4
describe the arch B § 7', and set off upon it the
arcs 8 R and § 7, ‘each equal to 23% degrees, for
the sun’s greatest declination ; and divide them
tnto 233 equal parts, as in Fig. 2. - Through the
intérsection D of the lines £CD and A Do
draw the right line FD G at right angles ta
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A Do.  Lay aruler to the points 4.and R,and rectm.
draw the line 4R F through 231 degrées,of X
south declination in the arc § R ; and then lay-
ing the ruler to the points 4 and 7', draw 'the
line 4 T'G through 23% degrees of north decli-
nation in the arc § T': so shall the line¢ 4R F
and 4 T'G:cut the line FDG in the proper
length for the scale of months. Upon the centre
D, with the radius D F, describe the semicircle
FoG ; and divide it into six equal parts, I'm,
mn, no, &c. and from these points of division
draw the right lines m &, ni, p %, and ¢/, each
parallel to oD. Then setting one foot of the
compasses in the point F, extend the other to
and describe the arc .4z H for the tropic of 15 :
with the same extent, setting one foot in G, de-
scribe the arc 4 E O for the tropic of %.  Next
setting one foot in the point 4, and extending
the other to 4, describe the arc 4 C 1 ‘for the
beginnings of the signs 4% and £ ; and with the
same extent, setting one foot in the point /, de-
cribe the arc 4N for the beginnings of the
signs I and Q. Set one foot in the point 7, and
having extended the other to 4, describe the
arc AK for the beginnings of the signs X and m
and with the same extent, set one foot in £, and
describe the arc 4 M for the beginnings of the
signs % and "R. Then, setting one foot in the
point D, and extending the other to 4, describe
the curve A L for the beginnings of ¥ and < ;
and the signs will be finished. This done, lay
a ruler from the point A4 over the sun’s declina-
tion in the arch R § T (found by the following
table) for every fifth day of the ;year :and
where the ruler cuts the line FDG, make marks ;
and place the days of the month right against
thesc :marks, in the manner shewn by Fig. 2.
B3
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1ReT La,stl( draw the shadow line P Q parallel to the
occult line 4B ; make the gnomon, and set
the hours to thelr respective lmes, as in Fig. 2,

and the dial will be-finished.

Fig. 4. There are several kinds of dlals, ‘which are
called universal, because they serve for all lati-
tudes.. Of these, the best one that I know is
Mr. Pardie’s, which consists of three principal
parts ¢ the first whereof 1s called the korizontal

An univers- plane (A) because in -the practice 'it must be

aldial. parallel to the horizon. In this plane is fixed
an upright pin, which enters into the edge of
the second part B.D, called the meridional plane ;
which is'made of two pieces, the lowest whereof
(B) is called the quadrant,: because it contains 2
quarter of a circle, divided into 90 degrees ; and
it"is.only into this part, near B, that the pin
enters.’ The other piece is a semicircle (D)
adjusted to the quadrant, and turning in it by

“w groove, for raising or depressing the diameter
(E F) of the semicircle, which diameter is called
the axis of the instrument. The third piece is
a circle (G) divided on both sides into 24 equal
parts, which are the hours. This circle is put
upon the meridional plane so, that the axis (£ F)
may be perpendicular to the circle; and the
point C be the common centre of the circle,
semicircle, and quadrant. The straight edge
of the semicircle is chamfered on both sides to
a sharp edge, which passes through the centre
of the circle. On one side of the chamfered
part, the first six ‘months of the year are laid
down, according to the sun’s. declination for
their respective days, and on the other side the
last six months. " And against the days om
which the sun enters the signs, there are straight
lines drawn™ upon the semicircle, with - the
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characters of the signs marked upon them. rLect.
There is a black line drawn along the middle of = *
the upright edge of the quadrant, over which
hangs a thread (I) with its plummit (I) for
levelling the instrument. N. B. From the 22¢

of September to the 20™ of March, the upper
surface of the circle must touch both the centre

C of the semicircle, and the line of ¥ and 2

and from the 20® of March to the 22¢ of Sep-
tember, the lower surface of the circle must
touch that centre and line. :

To find the time of the day by this dial.
Having set it on a level place in sun-shine, and
adjusted it by the levelling screws 4 and /, until
the plumb line hangs over the back line upon
the edge of the quadrant, and parallel to the
said edge ; move the semicircle in the quadrant
until the line of % and £ (where the circle
touches) comes to the latitude of your place
in the quadrant: then, turn the whole meri- -
dional plane B D, with its circle G, upon the
horizontal plane 4, until the edge of the shadow
of 'the circle falls precisely on the day of the
month- in the semicircle ; and then, the me-
ridional plane will be due north and south, the
axis £ F will be parallel to the axis of the world,
and will cast a shadow upon th® true time of
the day, among the hours on the circle,

“N. B. As, when the instrument is thus recti-
fied, the quadrant and semicircle are in the plane
of the meridian, sa the circle is then in the plane
of the equmoctial : therefore, as the sun is
above the equinoctial in summer (in northern
latitudes) and below it in winter ; the axis of
the semicircle will cast a shadow on the hour
of ‘the ddy, on the upper surface of the circle,
from the 20™ of March to the 22¢ of September ;
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pect. and from the 22° of September to the 20™ of

X.

March, the hour of the day will be determined

——"by the shadow of the semicircle, upon the lower

Fig. s.

surface of the circle. In the former case, the
shadow of the circle falls upon the day of the
month, on the lower part of the diameter of the
semicircle; and in the latter case on the upper
art. ;
: The method of laying down the months and
signs upon the semicircle, is as follows. Draw
the right line 4 CB, equal to the diameter of
the semicircle 4.D B, and cross it-in the middle
at right angles with the line £ C'D, equal in
length to 4D B; then E C will be the radius
of the circle F C G, which is the same as that
of the semicircle. Upon £ as a centre, describe
the circle F'CG, on which set off the arcs Ch
and (7, each equal to 23% degrees, and. divide
them accordingly into that number for the sun’s
declination. ‘Then, laying the edge of a ruler
over the centre E, and also over the sun’s de-
clination for every fifth day * of each month (as
in the card-dial), mark the points on the dia-
meter 4 B of the semicircle from a to g, which
are cut by the ruler; and there place the days
of the months accordingly, answering the sun’s
declination. This done, setting one foot of the
compasses in C, and extending the other to a
or g, describe the semicircle a b cdefg; which
divide into six equal parts, and through the
points of division draw right lines, parallel to
CD, for the beginning of the signs (of which
one half are on one side of the semicircle, and

3 The intermediate days may be drawn in by hand, if
the spaces be large enough to contain them.
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the other half on the other side), and set the LEcT.
characters of the signs to their proper lines, as __ *
in the figure. '

The f%llowing table shews-the sun’s place and Taples of
declination, in degrees and minutes, at the noon “l': s“n”';
of every day of the second year after leap year'; b Sintion.
which is a mean between 'those of 'leap year it-
self, and the first and third years after it. It is
useful for inscribing the months and their days
on sun-dials ; and also for finding the latitudes
of places, according to the methods prescribed
after the table. ¢ :

4 In this edition, the table of the sun’s longitude and
declination has been calculated anew, and adapted to the
present improved state of the solar tables. The editor
has also added an accurate table of the equation of time,
which, he trusts, will be of great use to the practical dialist.
The signs 4 and —, add and subiract, at the head of the
column, denote that the equation of time must be added
to, or subtracted from, the apparent time, or that which
is deduced from the motion of the sun, in order to obtain
the equated or true time, as shewn by a well-regulated
<lock or watch. The table is calculated for the second
after leap year, and is as accurate as the difference between
the civil and solar year will permit.—Ep.
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LECT. . A Table shewing thc sun’s placc and declination.

X' |70 " Januarye [ | - February.
Morivs '6 bun_s Pl {Sun’s Dec. o) bunsPl'S):msDec.

g SR i i
% | D. M.}D.s M. @ DM, | D, M.
1| 10v5 27|23 S 3. 1[122% 017513
2|11 28[22 58 2|13 1|16 56
3112 29122 (.53 3 |14 2116 38
4|18 31|22 47 4|15 . 8]16 20
5114 382122 40: 5116 4116 2
6 '15 33122 384 6|17 4115 44
7116 34(22 26 7118 5115 26
8117 85|22 19 8119 6|15 7
9|18 37|22 10 9l20 7{14 48
10119 38(22 2 10| 21 7114 28
11/20 3921 531 (1122 8114 9
12]21 4021 48| f12|23 9|13 49
13122 41i21' 85 13124 913 29
14128 42121 23 14125 10(13 9
15124 43121 12 (15126  10[12 49
16125 44]21 1 16 127 ..11[12 28
17126 46|20 50 17128 11{12 iré
18127 47120 38 1829 12{11 46
19128 48|20 25 19} Ox 1211 25
20129 4920 13 20 1.1, 12111 3
21| 045020 (o) 21| 2 13|10 42
92! 1 51[19 46| |22| 3 13(10 20
23| 2 52(19 32 2% 4 13| 9 58
241 8 53|19 18 241 5 141 9 386
25| 4 5419 4 25| 6 14| 9 14
26| 5 55|18 49 261 7 14| 8 52
27| 6 56|18 34| |27| 8 14| 8 29
28| 7 57118 18 281 9 15! 8 i
29| 8 58|18 21 In these Tables N sig-
30| 9 58;17 46 nifies north, and S
31|10 59|17 30 south, declination.
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A Table shewing the sun’s place and declination.

March. April.

9 Sun’s PL [Sun’s Dec, L Eﬂ Sun’s PL [Sun’s Dec.
< [ : b= T >
® | Di | M| Di | M. # | De M| Do M.
1 {10X 15 {+ TS 44 1111 13} 4N 23
2(11. 16| 7 21 2112 ' 2| 4 46
s|{12 15| 6 58 8|18 x| &: 9
4|18 15| 6 85 4|14 0] §: 82
5114 15| 6 12 5|14 59| 5 55
6(15 15| 5 49 6{15° 58] 6 17
7116 15| 5 26 7116 57| 6 40
8l17. 15| 6 .2 8|17 567 3
9(18 15| 4 39 9118 55| 7 25
10(19 15| 4« 16 1019 54| 7 47
11120 15| 8 52 11{20 53| 8 9
1221 15| 38 29 1221, 51| 8 81
18(22 14| 38 ' 5 18122 50| 8 538
14 {28 14| 2 41 14|28 49| 9 15
15|24 14| 2 18 15|2¢ 47| 9 37
16 |25 13| 1 54 1625 46| 9 58
17|26 13| 1. 30 17({26 4410 19
18127 12| v % 1827 43|10 40
1928 12| O 438 1928 411t 1
2029 11| 0 19 20]29 4al11 @22
21| ov11| ON 4 21| 0¥38{11 43
221 100 28 22| 1 37f12 3
23| 2 10| 0 52 23| 2 35(12 <28
2412 911 15 24| 3 83|12 43
2514 9|1 8 25| 4 32|13 8
26|85 8|2 2 26| 5 8018 22
2716 712 26 27| 6 28{13 42
28| 7 6|2 50 28| 7:.27{14 1
2918 16|38 18 29| 8 25{14 20
80(9 5|8 386} (0| 9 2314 98
Mi{10 4| 3 59

LECT.
X.
\——w—.‘d
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Tables of the Sun’s Place and Declination.

A Table shewing the sun’s place and declination.

May. June.

‘s&éq_

Sun’s Pl {Sun’s Dec. Sun’s PL {Sun’s Dec.

ske(q

D. M.|D. M. D. M.|D. M.

©Ooo-TO 0 h WK -

101X 12122N O
11 10|22 8
12 7122 16
13 4|22 24

<2122 381
14 59122 g7
15 57122 43

10%¥ 21 | 14N 57
11 19115 15
12 1815 83
18 16 {15 ' 50
14 1416 8
15 12|16 25
16 10{16 42
17 8|16 58 16 54(22 49
18 6|17 14 17 51|22 55
19 4{17 30 10{18 49|23 o
20 2|17 46 11{19 46|23 4
20 59|18 1 12{20 438(23 9
21 57|18 17 13{21 40|23 12
22 55|18 31 14|22 388(23 16
23 53|18 46 1523 85|28 19
24 51(19 O 16|24 32|23 21
25 48119 14 17125 29|28 23
26 4619 27 18{26 27(23 25
27 4419 41 19|27 24(23 26
28 41119 53 20(28 21(23 27
29 39|20 6 21(29 18|23 28
0mxs7 (20 18 22| 0551623 28
34{20 30 23| 1 13|23 @28
32 |20 41 24| 2 10|28 2%
29 (20 53 25| 3 7123 26
27121 3 26| 4 5|23 24
21 14 Q7| s 2123 22

5

6

7

© 00 =T O Cr h IO
—
S
o

22 |21 24 28 59123 <20
20 |21 33 29 56123 17
17121 43 30 53|28 14
15 (21 52 -

©RTOCuh WM™
()
S

n
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skeq

A Table shewing the sun’s place and declination. .LEx.CT.
July. August. .
Sun’s Pl |Sun’s Dec. :

Sun’s PL ‘Sun’s Dec.

D. M.|D. M.

skeqq

D. M.{D. M.

QO=I v WID -

BO DD DD = e e b p b e e e e
N=OWR-TIDh kW =~O

O
[9<)

O 0N
Sy G

0
P 4

0
®

D
<o

)

(@)

<

&)
—

f

8% 51 {28N 10
9 48123 6
10 45123 2
11 42122 57
12 4022 52
18 87122 46
14 34({22 40

8126 |18N 10
9 24117 55
10 21|17 40
11 1917 24
2 #6117 -8
13 14116 52
14 11|16 85
15 381122 34 15 9116 19
16 28|22 27 16 616 2
17 26122 20 10117 415 44
18 23|22 12 11.(¥8 2|15 27
19 20122 4 12|18 59(15 9
20 17 (21 56 13119 57 (14 51
21 14|21 47 14{20 5414 33
22 12121 38 15121 H2(14 14
D e 3¢ 20 16122 50|13 55
24 6121 19 17123 47113 36
25 8|21 9 18124 45|18 17
26 1120 58 19(25 43|12 38
26 58 (20 47 20126 41|12 58]
27 55|20 861 21(27 89112 18
28 52120 24 22128 86|11 58
29 50 (20 13 23|29 34|11 38
o0Q 47120 O 241 OM32111 18

O OTINCrt i QIO =

1 44|19 48] | 25| 1 so|10 57
2 42)19 35| |26| 2 28{10 36
3 29'19 22| |27l 3 26|10 15
4 3719 8| |28| 4 21| 9 54
5 8418 54| |29| 5 22| 9 s3
6 3118 40| |30| 6 2| 9 12
7 2918 25 31| 7 18] 8

50
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80 Tables of the Sun’s Place and Declination.

A Table shewing the sun’s place and declination.
September. October.
g | Sun’s Pl Sun’s Dec. g | Sun’s PL {Sun’s Dec.
& ‘ <
$|D. M.|{D. M. ® |Ds M.|D. M.
1} 8m17| 8N29 1} 72341 8S O
21 9 15| 8 7 2| 8 38318 .24
s{10 13| 7 45 3l 9 33| 3 47
4111 11| 7 28 4110 32| 4 10
5|12 91 9 1 5111 81| 4 34
6(13 8| 6 38 6{12 30| 4 57
7114 6| 6 16 7118 291 5 20
8{15 4| 5 53 8|14 29| 5 43
9116 2 | 8 |31 9i15 28| 6 6
10| 17 1] 5108 10|16 27| 6 29
11{17 59| 4 45| | 11|17 27| 6 51
12,18 58| 4 22 12{18 26| 7 14
13119 56| 8 59 18119 26| 7 37
14120 55| 3 36 14120 25| 7 59
15/21 53| 3 138 15|21 25| 8 22
16/22 52| 2 50 16/22 24| 8 44
17(28 50| 2 27 17(28 24| 9 6
18|24 49| 2 4 18{24 23 9 28
19,25 47{ 1 40 19|25 28| 9 50
20126 461 1 17 20|26 23 |10 11
21i{27 45| O 54 21i2%7 28|10 33
22128 44| O 30 22128 22 |10 54
23|29 42| O 7 2312 22, | 1% 16
24! 0£41| 0S 16 24 Ooma22 (11 3%
25, 1 40| O 40 26 2:'22 |11 58
26| 2 89| 1 3 26| 2 22112 18
eyl S 89| 4 2 271 8 22|12 39
28 4 37| 1 50 28] 4 22|12 59
29 5 36| 2 14 201 5 22|13 14
30{ 6 35| 2 87 30| 6: 22 ;13 -89
&t 81| 7 22|13 59

4
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A Table shewing the sun’s place and declination.

November. December,

o Sun’s PL. [Sun’s Dec. o) Sun’s PL [Sun’s Dec.
& - 3
%|D.: M.|D. . M. (D, M.|{D. M.
1] 8m=22414S519 ‘11'84389{21S 46
219 22114 38 21 9 89(21 55
3110 28|14 57 3110 40|22 4
4111 28115 16 4111 413122 13
5112 23115 34 5112 42122 21
6|13 2815 53 6118 4822 28
7114 24116 11 7114 44122 85
8|15 2416 28 8115 45(132 42
9116 24{16 46 9116 4622 48
10117 24|17 3 10117 4722 54
1118 25{17 20| [11[18 48(23 O
12119 25(17 36 12 119 4928 &
13|20 2617 58 18 120 50(238 9
14§21 2618 9 14 {21 5128 138
15122 27118 24 15122 52|28 16
1623 , 2718 39 16 {23 53|23 19
17(24 28118 54 17 124 55,23 22
18125 2819 9 18 125 56(23 24
19126 29119 23 19 |26 57|23 26
2027 80119 387 20 |27 58|23 27
21128 301}19 51 21 (28 59|28 28
22129 38120 4 22} Ovw 0}23 28
23| 04+32({20 17 23| 1 2128 28
241 1 33120 80 24| 2 3({23 27
25( 2 383120 42 251 8 423 26
26f 3. 84 (20 358 26| 4 . 5{28 24
271 4 .385|21 5 271 5 623 22
28} 5. 36|21 16| {28| 6. 8,33 19
29| 6487 |21 .26 293§ 9423 .16
30 7 88 21 .86 30| 8,104,238 13
8119 11{23 9

"LECT,
x
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LE}ST : ' Table of the Equation of Time.
' o Jgnuary. February.| March. | April.
£
$ I M. s.| M. s.| M. s.| M s
1 3+48 | 13+58 | 12+45 4+ 7
2 4 16114 512 33 3 49
3 4 44114 12| 12 21 3 381
4 5 12 14 19} 12 8 38 18
5 539114 24|11 54 2 55
6 6 6|14 28|11 40 28=3
7 6 33114 32|11 26 2 20
8 6 59114 34|11 14 2 2
9| 7 24|14 87|10 56 1 45
10 7T 49114 38|10 41 1 28
11 8 13|14 389} 10 25 1 12
12 8 37|14 3881 10 9 0 55
13 9 014 387 9 52 0o 39
14 9 22|14 35 9 35 QEES
15 8 44| 14 33 9 18 0 8
1610 4|14 29! 9 1| o— 7
17110 25| 14 25 8 43 0 22
18110 44|14 20| 8 25| 0 36
19111 3|14 15| 8 7| 0 50
20| 11 21| 14 8 7 49 1 4
21111 88} 14 2 7 “81 I Ehn
22 |11 55| 18 54 T 12 1 30
23112 11118 46 6 54 1 42
24112 26118 37 6 35 1 54
25|12 401 13 28 6 17 et
26 |12 53{18 18| 5 53| 2 16
27|18 6|18 8| 5 39| 2 26
28 { 13" 18 | 12 5% 5 21 2 36
29 | 13 29 5 ‘gl 2 45
80| 13 39 “4 44 2 ‘155
81|13 49 4 24 !




Tables of the Equation of Time. 33
Table of the Equation of Time.
o | May. June, July. | August
k‘é ,
Cfmos | Moo foMeos |oMe s,
1 3— 2 2—42 3+13 5457
2 3 10 2 34 S 25 5 54
3 3 17 2 24 3 86 5 . 50
4 3! 28 2 14 3 48 5 46
5 3 29 2 4 3 58 5 40
6 3 35 1 54 4 9 5 85
7 3 40 1 438 4 19 5 28
8 3 44 1 32 4 29 5 21
9 3 48 1 21 4 38 5 14
10 3 51 i 10 4 47 5] U
11 3 54| O 58 4 56 4. 57
12 3 56 0 46 5 4 4 47
13 3 57 0 34 5 11 4 87
14 3 58 0 22 5 18 4 27
15 3. 59 04 29 5 125 4 16
16 3 59 O+ 3 5 81 4 4
17 3 58 0O 16 5 37 3 52
18 3 57 0O 28 5 42 29
19 3 55 0 41 5 47 3 26
20 3 538 0 54 6 51 3 18
21 |13 80| 1 *7| 5 54| 2 59
22 3 46 1 20 5 67 2 45
23 3 42 1 338 6 O 2 30
24 3 8841 1 46 6 12 2 14
25 3 388 1 59 6 3 1 49
26| 3 21| 2 11| 6 4| 1 48
27 3 21 2 24 6 5 1 26
28 3 14 2 387 6 4 1 9
29 3 . 2 49 6 S 0o 52
80 3 59 3 1 6 2 0o 84
31 2 §1 6 0 o 17
C

Vol, I1.

LECT.
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384  Tables of the Equation of Time.
Table of the Equation of Time.

- Septem. | October. | Novem. | Decem.
5 ‘

¢ | M. s. | M. s | M. 8 | M. s

1 0— 2. 10—10 | 16—13 | 10—49
2 O 20110 29|16 14|10 27
3 0. 89|10 47116 14|10 '3
4| O 58111 6116 14 9 39
5 1 18|11 24]116 138 9. #15

6 1 87111 4216 11 |* 8 50
711 57111 59|16 8 8 24

8 2 18|12 16| 16 4 7 58

9 2 8812 82|16 O 7 381
10 2 58|12 48 (.15 54 T 4
11 8 19113 4115 48 6 37
12 3 401138 19115 41 (T
13 4 1113 84 )15 383 5 41
‘14 4 22113 48|15 25 &5 18
15| 4 43|14 2115 15 4 44
16 5 4114 15115 5 4 15
17 5 25114 27|14 58 3 45
18 5 46 | 14 89 | 14 41 8| A6
19 6 7114 50| 14 28 2 46
20| 6 28|15 1|14 14| 2 16
21| 6 4915 11|18 59| 1 46
22 7 10|15 20 )18 44 116
23 7 80115 28 (13 27 0 45
24 7 51115 86|13 10 0 15
25 8 11 |15 43|12 52| O+415
26| 8 32|15 5012 83| O 45
27 8 52115 55|12 14 1 15
28 9 12{16 O} 11 54 1 45
29 g ugl: (8161 €6 1911 0 83 2 14
80 9 51116 8111 12 2 43
31 16 11 gl 13
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Explanation qf; the Table of the Equation of
Time. -

As our author has already given a familiar explana-
tion of the equation of time, it may be sufficient to ob-
serve, that the preceding table contains the difference
between true and apparent time, for every day of the
year at 12 o’clock noon, when the sun isin the meridian;
and is adapted to the second year after leap year. If
apparent, or solar, time is to be converted into true time,
as shewn by a well-regulated clock or watch, the equa-
tion of time must be added to theapparent time, if it has
the sign 4-, and subtracted from it if it has the sign -—:
but if true is to be converted into apparent time, the
equation must be applied with contrary signs. If the
equation is required for any intermediate hour, take
the difference during a day, and say, as 24 hours is to
this difference, so is the number of hours which the in-
termediate hour is from the preceding noon, to a third
proportional, which, added to, or subtracted from, the
equation of time at noon, according as it is increasing
or decreasing, will give the equation of time for the
given hour. If the equation of time is wanted, at a
time when the signs change from 4 to —, or from —
to 4, the difference for 24 hours will be found by
adding the equations of time for the noon preceding
and f%llowing the given hoar. Thus, if the equation
of time is required for the 24t» December at 12 o’clock
midnight, the equation for the 24*® at noon is — 15°,
and for the 25 at noon 4 15", the difference of which
is 4 30". Then, as 24": 4 30" = 12": 4 15, which,
subtracted from 15 seconds, because the numbers are
decreasing, the equation for the 24*® noon, leaves 0,
so that the hour, as shewn by the sun and clock, is the
same on the 24 December at midnight. The equation
thus found will be accurate for every second year after
leap year, and in other years will vary only a few se-
conds from the truth. In order, however, to determine
the equation of time, with accuracy gmr auy other year,

2
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find the difference between the equation of time for the
given day, and that which precedes it: then,

1. For leap year, take one half of this difference,
and add it to the cquation for the given time if it in-
creases, but subtract it if it decreases.

2. For the first after leap year, take one fourth of
the difference, and add it to the equation for the given
time if it increases, but subtract it if it decreases.

8. For the third after leap year, take one fourth of
the difference, and subtract 1t from the equation for the
iven time, if it increases, but add it if it decreases.
Thus, to find the equation of time for the 2¢ May 1805,
being the first after leap year, the equation in the table
is 8 10, the daily difference is 8", and the equation
increases. Add, therefore, 2", which is one fourth of
the daily difference, to 3 10", and the sum 3' 12", will
%e the true equation of time for the 22 Moy 1805,—
iD. -
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TO FIND THE LATITUDE OF ANY PLACE BY OBSER-
VATION.

The latitude of any place is .equal to the ele-
vation of the pole above the horizon of that
place. = Therefore it is plain, that if a star was
fixed in the pole, there would be mnothing re-
quired to find the latitude, but to take the alti-
tude of that star with a géod instrument.- But
although there is no star in the pole, yet the la-
titude may be found by taking the greatest  and
least altitude of any star that never sets: for if
half the difference between these altitudes be add-
ed to the least altitude, or subtracted from the
greatest, the sum or remainder will be equal to
the altitude of the pole at the place of observation.*

But because the length of the night must be
more than 12 hours, in order to have two such
observations ; the sun’s meridian altitude and de-
clination are generally made use of for finding
the latitude, by means of its complement, which
is equal to the elevation of the equinoctial above
the horizon; and if this complement be sub-
tracted from 90 degrees, the remainder will be
the latitude, ‘concerning which, I think, the fol-
lowing rules take in all the various cases.

1. If the sun has north declination, and is on
the meridian, and to the south of your place,
subtract the declination from the meridian alti-
tude (taken by a good quadrant) and the remain-

* If the altitude of the pole star be taken six hours be.
fore, or after, it comes to the meridian, or arrives at its
point of greatest and least altitude, the latitude of the
place will thus be accarately obtained by only one observa-

Cs

tion.—EDs¢ §

LECT.



38 Rules for finding the Latitude.

vect. der will be the height of the equinoctial or com-
X~ plement of the latitude north.

EXAMPLE.

Submbec The sun’s meridian altitude 42° 20’ south.
upp ~ L And hisdeclination, subtract 10 15 north.

Remains the complement of the latitude, 32 5
‘Which subtract from — 9 0

And the remainder is the latitude 57 55 north.*

2. If the sun has south declination, and is
southward of your place at noon, add the decli-
nation to the meridian altitude ; the sum, if less
than 90 degrees, is the complement of the lati-
tude north : but if the sum exceeds 90 degrees,
the latitude is south ; and if 90 be taken from
that sum, the remainder will be the latitude.

EXAMPLES.
The sun’s meridian altitude 65° 10’ south

The sun’s declination, add 15 30 south

Complement of the latitude 80 40
Subtract from — 90 0

Remains the latitude 9 20 north

The sun’s meridian altitude 80° 40’south
The sun’s declination, add 20 10 south

The sumis —  — 100 50,
From which subtract 9 0

Remains the latitude — 10 50 so

* The sun’s meridian altitude, as taken by a quadrant,
or any other instrument, must be corrected by the appli-
cation of parallax and refraction. As the sun is elevated
by refraction and depressed by parallax, his apparent me-
ridian altitude must be diminished by the difference between
the refraction and parallax,—Ebp, " '
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3. If ithe sun has north declination, and is on LEcT.
the meridian north of your place, add the decli-  X-
nation to the north meridian altitude ; the sum,
if less than 90 degrees, is the complement of the
latitude south ; but if: the sum is more than 90
degrees, subtract 90 from it, and the remainder
is the latitude north.

EXAMPLES.
Sun’s meridian altitude 60° 30 north
Sun’s declination, add 20 10 north
Complement of the latitude 80 40
Subtract from — 9 0
Remains the latitude 9 20 south
Sun’s meridian altitude 70° 20’ north
Sun’s declination, add 23 20 north
The sum is — 93 40
From which subtract — 9 0
Remains the latitude — 8 40 north

4. If the sun has south declination, and is north
of your place at noon, subtract the declination
from the north meridian altitude, and the re-
mainder is the complement of the latitude south.

EXAMPLE,

Sun’s meridian altitude 52¢ 30 north
Sun’s declination, subtract 20 10 south

Complement of the latitude 32 20
Subtract from -— 9 0

And.the remainder is the latitude 57~ 40 soufF
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Leer. 5. If the sun has no declination, and is south

‘X. of your place at noon, the meridian altitude is
= the complement of the latitude north : but if the
sun be then north of your place, his meridian
altitude is the complement of the latitude south.

EXAMPLES.
Sun’s meridiax; altitude 38° 30'south
Subtract from — 9 0
Remains the latitude — 51 30 north
Sun’s meridian altitude 380 30 north
Subtract from —_ 9 0
Remains the latitude — 51 30 south

6. If you observe the sun beneath the pole,
subtract his declination from 90 degrees, and add
the remainder to his altitude ; and the sum is the

Iatitude.

EXAMPLE.
Sun’s declination. — 20° 30"
Subtract from — 9 0
Remains —_ 69 30 o
Sun’s altifude below the pole 10 20

The sum is the latitude 79 50

Which is north or south, according as the
sun’s declination is north or south: for when
the sun has south declination, he is never seen
below the north pole ; nor is he ever seen below
the south pole, when his declination is north.






LECTURE XL

OF DIALING.

LECT. HAVING shewn in the preceding Lecture how
XL to make sun-dials by the assistance of a good
> e globe, or of a dialing scale, we shall now pro-
ceed to the method of constructing dials arith-
metically ; which will be more agreeable to those
who have learned the elements of trigonometry,
because globes and scales can never be so accu-
rate as logarithms, in finding the angular dis-
tances of the hours. Yet, as a globe may be
found exact enough for some other requisites in
dialing, we shall take it in occasionally.

The construction of sun-dials on all planes
whatever, may be included in one general rule :
intelligible, if that of a horizontal dial for any
given latitude be well understood. For there
is no plane, however obliquely situated with re-
spect to any given place, but what is parallel to
the horizon of some other place ; and therefore,
if we can find that other place by a problem on
the terrestrial globe, or by a trigonometrical cal-
culation, and construct a horizontal dial for it ;
that dial, applied to the plane where it is to

3
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serve, will be a true dial for that place.—Thus, vrzcT.
an erect direct south dial in 511 degrees north X!
latitude, would be a horizorital dial on the same
meridian, 90 degrees southward of 511 degrees
north latitude ; which fallsin with 881 degrees

of south latitude : but if the upright plane de-
‘clines from facing the south at the given place,

it would still be a horizontal plane 90 degrees
from that place, but for a different longitude ;
which would alter the reckoning of the hours ac-
cordingly. ' ;

CASE I.

1. Let us suppose that an upright plane at
London declines 36 degrees westward from fac-
ing the south ; and that it is required to find a
place on the globe, to whose horizon the said
plane is parallel ; and also the difference of lon-
gitude between London and that place.

Rectify the globe to the latitude of London,
and bring London to the zenith under the brass
meridian, then that point of the globe which lies
in the horizon at the given degree of declination
(counted westward from the south point of the
horizon) is the place at which the above-mention-
ed plane would be horizontal.—Now, to find the
latitude and longitude of that place, keep your
eye upon the place, and turn the globe eastward
until it comes under the graduated edge of the
brass meridian ; then the degree of the brass
meridian that stands directly over the place, is
its latitude ; and the number of degrees in the
equator, which are intercepted between the me-
- ridian of London and the brass meridian, is the
place’s difference of longitude.

_ Thus, as the latitude of London is 51X de-
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LcT: grees north, and the declination of the place’is 36

XL

PraTE
XX
Yig. 1.

degrees west ; I ‘elevate the north pole 51% de.
grees above the horizon, and turn the globe un-

til London comes to the zenith, or under the

graduated edge of the meridian ;- then, I count

36 degrees on the horizon westward from the

south point; and make a mark on that place of
the globe . over which the reckoning ends, and

bringing the mark under the graduated edge of
the brass meridian, I find it to be under 30 de-

grees in south latitude : keeping it there, I count

in the equator the number of degrees betwecn

the meridian of London and the brasen meridian

(which now becomes the meridian of the requir-

ed place) and find it to be 423, Therefore an

upright plane at London, declining 36 degrees

westward from the south, 'would be a horizontal

plane at that place ; whose latitude is 303 degrees

south of the equator, and longitude 42% degrees

west of the meridian of London.

Which difference of longitude being convert-
ed into time, is 2 hours 51 minutes.

The vertical .dial declining westward 36 de-
grees at London, is therefore to be drawn in all
respects as a horizontal dial for south latitude
30% degrees ; save only, that the reckoning of
the hours.is to anticipate the reckoning on the
horizontal dial, by 2 hours 51 minutes: for so
much sooner will the sun come to the meridian-
of London, than to the meridian of any place
whose longitude is 423 degrees west from London.

2. But to be more exact than the globe will
shew us, we shall use a little trigonometry, -
Let INE SI¥ be the horizon of London, whose
zenith is Z, and P the north pole of the sphere;
and let Z 4 be the position of a vertical plane at
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Z, declining westward -from S (the south) by wrrcr
an angle of 36 degrees ; on which plane an erect Xt
dial for London at Z is to be described. Make ¥
the semidiameter Z D perpendicular to Z /, and
it will cut the horizon in D, 36 degrees west of
the south §. Then, a plane in the tangent /7 D,
touching the sphere in D, will be parallel to the
plane Z k; and the axis of the sphere will be
equally inclined to both these planes.

Let /7 QE be the equinoctial, whose elevation
above the horizon-of Z (London) is 38% de-
grees ; and PRD be the meridian of the place
D, cutting the equinoctial in RB. Then, it is evi-
dent, that the arc RD is the latitude of the place
D (where the plane Z & would be horizontal)
and the arc RQ is the difference of longitude of
the planes Z % and DH.

In the spherical triangle DR, the arc D
is given, for it is the complement of the plane’s
declination from § the south; which comple-
ment is 54° (viz. 90°—36°): the angle at R, in
which the meridian of the place D cuts the equa-
tor, is a right angle ; and the angle R/7D mea-
sures the elevation of the equinoctial above the
horizon of Z, namely 881 degrces. Say, there-
fore, as radius is to the co-sine of the plane’s de-
clination from the south, so is the co-sine of the
latitude of Z to the sign of RD the latitude of
D ;* whichis of a different denomination from
the latitude of Z, because Z and D are on dif-
ferent sides of the equator.

. As radius _— - — 10.00000
To co-sine - 36° - 0'=RQ 9.90796
So co-sine 51° 30=Q% 9.79415
To sine . 30° 4¥=DR 9.70211==

* See Playfair's Elements of Geometry. Spher, Trig..
Prop. XIX.—Eob.



46 Of Dialing.

LecT. the latitude of D, whose horizon is parallel to

XL

the vertical plane Z A at Z. -

N. B. When radius i is made the first term, it
may be omitted, and then, by subtracting it,
mentally, from the sum of the other two, the
operation will be shortened. Thus, in the pre-
sent case,

To the logarithmicsine of WR=4 54* (' 9.90796
Add thelogarithmicsineof RD=* 38° 30’ 9.79415

Their sum minus radius o« ecooceoaan .. 9.70211
gives the same solution as above. And we shall
keep to this method in the following part of the
work.

To find the difference of longitude of the
places D and Z, say, as radius is to the co-sine
of 882 degrees, the height of the equinoctial at
Z, so is the co-tangent of 36 degrees, the plane’s
declination, to the co-tangent of the difference of
longitudes. ¢ Thus, )
To the logarithmic sine of 7 51° 30 9.89364
Add the logarithmic tang. of * 54° O 10.13874

Their sum minus radius . .« oo o Sovaaco. 10.08238
is the nearest tangent of 47 8'=/R; whichis
the co-tangent of 42° 52=RQ, the difference
of longitude sought. Which difference being re-
duced to time, is 2 hours 511 minutes.

3. And thus having found the exact latitude’

.

4 The co-sine of 36° ‘¢, or of RQ.

The co-sine of 51° 30, or of 2Z.

Playfair’s Geom. Spher. Trig. Prop. XVIII.—Ep.
The co-sine of 38, 30, or of WDR.

The co-tangeat of 36", orof DW.

0 9 6w
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and longitude of the place D, to whose horizon vrrer
the vertical plane at Z is parallel, we shall pro- Xt
ceed to the construction of a horizontal dial for
the place D, whose latitude is 30° 14/ south ;
but anticipating the time at D by 2 hours 51
minutes (neglecting the £ minute in-practice) be-
cause D is so*far westward in longitude from the
meridian of London; and this will be a true vertical
dial at London, declining westward 36 degrees.

Assume any right line CS L for the substile Fig. .
of the dial, and make the angle K C P equal to
the latitude of the place (viz. 30° 14) to whose
horizon the plane of the dial is parallel; then
C R P will be the axis of the stile, or edge that
casts the shadow on the hours of the day, in the
dial. This done, draw the contingent line £ Q,
cutting the substilar line at right angles in K;
and from K make K R perpendicular to the axis
CRP. Then KG (=K ZR) being made radius,
that is equal to the chord of 60° or tangent of
45°, on a good sector take 42° 52’ (the differ-
ence of longitude of the places Z and D) from
the tangents, and having set it from K to MM,
draw C M for the hour-line of XII. Take K NV
equal to the tangent of an angle less by 15 de-
grees than K M ; thatis, the tangent 27° 52';
and through the point N draw CN for the hour-
line of I. The tangent of 12° 52 (which is
15° léss than 27° 52°) set off the same way, will
give a point between K and NV, through which
the hour-line of II is to be drawn. The tangent
of 2° 8 (the difference between 45° and 42° 52
placed on the other side of C L, will determine
the point through which the hour-line of I is
to be drawn: to which 2° 8 if the tangent of
15° be added, it will make 17° 8'; and this set
off from K toward Q on the line £Q will give
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LECT. the point for the hour-line of IV ; and so of the

Xl rest. The forenoon hour-lines are drawn the same

way, by the continual addition of the tangents

15°, 30° 45° &c. to 42°, 52° (= the tangent

of K M) for the hours of XI, X, IX, &c. as far

as necessary ; that is, until there be five hours

on each side of the substile. The sixth hour, ac-

counted from that hour or part of the hour on

which the substile falls, will be always in a line

- perpendicular to the substile, and drawn through
the centre C.

4. In all erect dials, C M, the hour-line of XII
is perpendicular to the horizon of the place for
which the dial is to serve : for that line is the in-
tersection of a vertical plane with the plane of
the meridian of the place, both which are per-
pendicular to the plane of the horizon : and an
line HO, or ho, perpendicular to C M, will be
a horizontal line on the plane of the dial, along
which line the hours may be numbered : and
C M being set perpendicular to the horizon, the
dial will have its true position.

5. If the plane of the dial had declined by an
equal angle toward the east, its description would -
have differed only in this, that the hour-line of
XII would have fallen on the other side of the
substile € L, and the line H O would have a sub-
contrary position to what it has in this figure.

6. And these two dials, with the upper points
of their stiles turned toward the north pole, will
serve for the other two planes parallel to them ;
the one declining from the north toward the
east, and the other from the north toward the
west, by the same quantity of angle. The like

3
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holds trie of all dials in general, whatever be LEcT.
their declination and obliquity of their planes to _ **

the horizon.

CASE 1I.

7. If the plane of the dial not only déclines, Fig. 3.
but also reclines, or inclines. Suppose its de-
clination from fronting the south § be equal to
the arc § D on the horizon { and its reclination
be equal to the arc Dd of the vertical circle
DZ ; then it is plain, that if the quadrant of
altitude Zd D, on the globe, cuts the point D
in the horizon, and the reclination is counted
upon the quadrant from D to d; the intersec-
tion of the hour-circle P R d, with the equinoc-
tial /7 Q E, will determine Rd, the latitude of
the place d, whose horizon is parallel to the
given plane Z hat Z ; and R Q will be the dif-
terence in longitude of the planes at d and Z.

Trigonometrically thus: let a great circle pass
through the three points /7, d, £ ; and in the
triangle /7 D d, right-angled at D, the sides
W D and D d are given ; and thence the angle
D W d is found, and so is the hypothenuse /7 d.
Again, the difference, or the sum, of D /#'d
and D WV R, the elevation of the equinoctial
above the horizon of Z, gives the angle d /W 12 ;
and the hypothenuse of the triangle # R d was
just now found ; whence the sides R d and /' &
are found, the former being the latitude of the
place d, and the latter the complement of R Q,
the difference of longitude sought.

Thus, if the latitude of the place Z be 52° 10"
north ; the declination § D of the plane Z 4
¢which would be horizontal at ¢) be 36°, and the
reclination be 15°, or equal to the arc D d; the
south latitude of the place d, that is, the arc Rd,

Vol IR D
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L‘ECT will be 15°9 5 and R Q the difference of the
longitude, 36° 2'.  From these data, therefore,
let the dial (Fig. 4) be described, as in the form-
er example.

a__w..._;

8. Only it is to be observed, that in the reclining
or inclining dials, the horizontal line will not stand
at right angles to the hour-line of XII, as in erect
dials 5 but its position may be found as follows.

Fig. 4. To the common substilar line C K L, on which
the dial for the place d was described, draw the
dial €rpm 12 for the place D, whose declina-
tion'is the same as that of d, viz. the arc § D ;
and H O, perpendicular to C m, the hour-line of
XI1I on this dial, will be a horizontal line on the
dial € P R M XII. For the declination of both
dials being the same, the horizontal line remains
parallel to itself, while the erect position of one
dial is reclined or inclined with respect to the
position of the other.

Or, the position of the dial may be found by
applying it to its plane, so as to mark the true
hour of the day by the sun, as shewn by another
dial ; or, by a clock regulated by a true meridian
line and equation table.

9. There are several other things requisite in
the practice of dialing ; the chief of which I
‘shall” give in the form of arithmetical rules,
simple and easy to those who have learned the
elements of trigonometry. For in practical arts
of this kind, arithmetic should be used as far as
it'can go ; and scales never trusted to, except
in the final construction, where they are abso-
lutely necessary in laying down the calculated
hour-distances on the plane of the dial. And
although the inimitable artists of this metropolis
have no occasion for such instructions, yet they
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may beof some use to’students, and to pnvate LECT
gentlemen, who amusé themselves this way.

RULE 1.

To find the angles which t7ze hour-lines_on . any
didl make with the substile.

To the'logarithmic sine-of the given latitude,
or of the stile’s elevation above the plane of the
dial, add ' the logarithmic' tangent of the hour
distance '’ from the meridian, or from the sub-
stile ; * and thé sum minus radius will be the lo-
garithmic tangent of the'angle sought

Yor, in Fig.-2, K C is to' K M in the ratio
compounded of the ratio of K Cto KG (=KR)
and of K G to' K'M ; ‘which making € K the ra-
dius, 105 000,000, or 100,000, or 1o or 1, arc the
ratio of 10,000,000, or of 100,000, or of 10, or
ofl,toAGxIx]V[ | U

Thus, in a -horizontaldial, for latitude 5
30, to find- the - angular "distance of XI in the
forenoon, or 1 in the afternoon, from XII.

To the logarithmic sine of 51° 3¢’ 9.803513
Add thelogarithmic tang. of 51° ' 9.42805

The sum minus radius iS o oo'ee cpeuen-. 9.32159=
the logarithmic tangent ‘of '11° 50/, or:of the

angle which the hour-line of XI or I makes with
the hour of XII.

" P e S,

* That is, - of 15,30, 45, 60, 75°% for the hours of I,
11, IIL 1V, V, in the'afternoon ; and XI, X IX, VIII,
VII, in the forenoon. :

* In all horizontal dials, and erect north or south-dials,
the substile and meridian are the same ; sbut in all declin-
in g dials, the substile line makes an angle with the meridian.

} In which  case, the -radius'C K 1s supposed to be di-
#ided into’ 1,000,000 equal parts.
D2
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And by computing in this manner, with tlie
sine of - the latitude, and the tangents of 30, 45,
60, and 75° for the hours of II, ITI, IV, and
V, in the afternoon; or of X, IX, VIII, and
VII, in the forenoon ; you will find their angular
distances from XII to be 24° 18, 38° 3, 53°
35, and 71° 6’: which are all that there is oc-
casion to compute for.—And these distances may
be set off from XII by a line of chords; or ra-
ther, by taking 1,000 from a scale of equal parts,
and setting that extent as a radius from C to
XII: and then, taking 209 of the same parts
(which, in the tables, are the natural tangent of
11°.50), and setting them from XII to XI and
to I, on the line 4 o, which is perpendicular to
¢ XI1I: and so for the rest of the hour-lines,
which in the table of patural tangents, against
the above distances, -are 451, 782, 1,355, and
2,920, of such equal parts from XII, as the ra-
dius C XII contains 1,000. And lastly, set off
1,257 (the natural tangent of 51° 30} for the
angle of the stile’s height, which is equal to the
latitude of the place. '

The reason why I prefer the use of the tabular
numbers, and of a scale decimally divided, to
that of the line of .chords is because there is the
least chance of mistake and error in this way ;
and likewise, because in some cases it gives us
the advantage of a nonius division.*

4 'This scale, for sub-dividing the limbs of quadrants,
and the divisions of .other mathematical instruments, is im-
properly called Nonius, from one Nonius, who is supposed
to beits inventor. The honour of the invention is due to
Peter Vernier, a- French ‘gentleman, from whom it fre-
quently receives its name.” -The Vernier scale consists of a
piece of brass orivory, which moves along the limb of the
quadrant. | A space, equal to any number of ‘degrees in the
circular arch, 119, for example, is transferred to this pieci_

¢ I

.
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In the universal ring-dial; for instance, the LECT
«ivisions - on' the axis are the tangents of the *!
angles of .the sun’s ‘declination placed ‘on either ~ °
side of the centre. ~ But instead of laying them
down from a line of tangents, I would make a
scale of equal parts, whereof 1,000 should answer
exactly to the length of the semi-axis, from the
centre to the inside of the equinoctial ring ; and
then lay down 434 of these parts toward each end
from the centre, which would.: limit all the divi-
sions on the axis, because 434 is the natural
tangent of 23° 29, And thus by a ngnius affix-
ed to the sliding piece, and taking the sun’s de-
clination from an ephemeris, and the tangent of
that declination from the table of natural tangents,
the slider might be always set true to within two
minutes of a degree.

And this scale of 434 equal parts might be
placed right against the 23 degrees of the sun’s
declination, on the axis, instead of the sun’s

of brass, and divided into 10 parts, so that cach division of
the vernier will exceed each division of the limb by 4% ot
a degree. Suppose the plumb.line of the quadrant to fall
between the 25' and 26" degree, and that the degrees
run from right to left. Then, in order to find the num-
ber of minutes above 25°, move the vernier till the plumb-
line falls on the beginning of its scale, and find what divi-
sion of the vernier coincides with any divisicn on,the limb ;
and by so many 10™ of a degree will the angle exceed
25°% If the 7*" division of the vernier, for instance, coin-
cides with a division on the limb, then, 3™ of a de-
gree, or 42 minutes, must be added to 25 degrees, and
the angle will be 25° 42'.—-Nonius’s method. consisted in
drawing a number of concentric circles, the outermost of
which was divided Jinto 90 parts ; the next into 89; the
next into 88, &c. so that the plumb-line was sure to coin-
cide with some division im one of these circles, and the
angle could be easily deduced, from the number of parts
into which that circle was divided.—Ebp.

D3
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LACT. place, which is thereof very little use. For then,

Fig. 3.

the slider might be set in the usual way, to the
day of .the month, for common-use ; but to the
natural tangent of the declmatlon, when  great
accuracy is required.

The like may be done wherever a .scale of
sines or tangents is required on any instrument.

RULE .If.

The latitude of the place, the sun’s declination,
and his hour distance from the meridian being
given, to find (1,) his altitude; (2,) his azimuth.

1. Let d be the sun’s place, d R, his declma-
tion: and in the triangle P.Z d, P d the sum, or
the dxﬂ'erence, of d R, and the quadrant RS
being given by the supposition, as also the com-
plement of the latitude P Z, and the angle d P Z,
which measures the horary distance of d from the
meridian ; we shall (by casé 4, of Keill’s Oblique
spheric trlgonometry) find the base Z d, which

is the sun’s distance from. the zenith, or the com-

plement of his altitude.

And (2,) assine Zd:sine Pd:: sinedPZ:
d Z P, or of its supplement D Z S, the azunuthal
dlstance from the south.

Or, the practical rule may be as follows

Write A for the sine of the sun’s altitude; L and
! for the sine and co-sineof the lantude, Dandd
for the sine and co-sine of the sun’s declination,
and H for the sine of the horary distance from VI,

Then the relation of ‘H to A wxll have three
varieties.

1. When the declination is toward the elevated
pole, and the hour of the day is between XII and

Ay _A—LD.
VijitisA= LD+ Hld, and H="—,
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2. When the hour is after VI, it1s 4= L D LECT.
L D—4. 3
—HId, and H=—_— : ——
3. When the declination is toward the de-
pressed .pole, we have. 4 = HIld—L D, and
77— A+LD: : , ‘
e
‘Which theorems will be found useful, and ex-
peditious enough for solving those problems in
geography and dialing, which depend on the re-
lation of the sun’s altitude to the hour of the
day.

EXAMPLE 1.

Suppose the latitude of the place to be 511
degrees north ; the time five hours distant from
XII, that is, an hour after VI in the morning, or
before VI in the evening ; and. the sun’s declina-
tion 20° north.  Required the sun’s altitude ?

Then, to log. L = log. sine 51° 38’ 1.89354¢

Add log. D = log. sine 20° 0 1.55405

Their sum - - oo ci i aenaann 1.42759

gives L D = logarithm of 0.267664, in the na-
tural sines.

Aund, to log. H = log. sincs 15° ¢ 1.41300
add log. 1. = log. sine” 35° O 1.7941¢

log. d. = log. sine® 70° 0’ 1.97300
A T et ARt e e e o RS 4 1.18014

gives H [ d= logarithm of 0.151408, in the na-
tural sines.

* Here we consider the radius as unity, and not 1,000,000,
by which, instead of the index g, we have—1, as above :
whichis of no further use,than making‘the work alittle easier.

S The distance of one hour from VI.

? The co-latitude of the place.
® The co-declination of the sun.
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1ECT.  And these two numbers of (0.267664 and
X% 0.151408) make 0.419072 = A ; which, in the
\ table, is the nearest natural sine of 24° 477, the
sun’s altitude sought.
" The same hour-distance bemg assumed on the
other side of VI, then L D—H d is 0.116256,
the sine of 6° 40'%; which is the sun’s a]ntude
at V in the morning, or VII in the evening, when
his north declination is 20°.
But when the declination is 20° south, (or to-
ward the depressed pole) the difference H / d—
L D becomes negative, and thereby shews that,
an hour before VI in the morning, or past VI in
the evening, the sun’s centre is 6°% 40 below
the horizon.

EXAMPLE IIL

In the same latitude and north declination from
the ‘given altitude to find the hour.

Let the altitude be 48°; and because, in this
(e

S L
case H:———é’—’ﬁ and 4 (the natural sine of

480) = 748145, and L D = .26766¢, A—L D
will be 0.475481, whose logarithmic

smexs..................,. 1.67'71331
from which taking the logarithmic sine

EP AL = iy S5 VO AN M . 1.7671354
Remains:....... £ 3 TSR s 1.9099977

the logarithmic sine of the hour-distance sought,

viz. of 54° 22'; which, reduced to time, is 3"

374™ ; that is, JX® 872™ in the forenoon, or II"
QQL’“ in the aftemoon

Put the altitude = 18°, whose natural sine

" is .8090170; and thence A—ZL D will be

= .0491953; which divided by ./ 4 d, gives
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LO0717179, the sine of 4° 6%, in ime 16% mi- LECT.
nutes nearly, before VI in the morning, or af- X!
ter VI in the evening, when the sun’s altitude "
is 18°.

And, if the declination 20° had been toward
the south pole, the sun would have been de-
pressed 18° below the horizon at'16% minutes
after VI0in the evening ; at which time the twi-
light would end ; which happens about the 22¢

? November, and 19 of January, in the lati-
tude of 51°L north. The same -way may 'the °
end of twilight, or beginning of dawn, be found
“for any time of the year.

Notk 1, If in theorem 2 and 3 (page 55)
Ais put = 0, and the value of H is computed,
we have the hour of sun-rising and setting for
any latitude, and time of the year. And it we
put H = 0, and compute .4, we have the sun’s
altitude or depression at the hour of VL. And
lastly, if H, A,and .D are given, the latitude may
be found by the resolution of a quadratic equa-
tion; forl = ./ 1 — L%,

NOTE 2, When 4 is equal o, H is equal
1 y, __TL X T D, the tangent of the latitude

multiplied by the tangent of the declination,

As, if it was required, what is the greatest lergth
of da_/ in latitude 51° 802

To the log. tangent of 51° 80"........ 0.0993948
Add the log. tanvcnt of B B ;e - - 1.6379563
T T S S SRR N N £ 74111 § |

is the log. sme of the hour-distance 83° 7'; in
time 2" 122", The, longest day therefore is
2
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LE(;T. ‘ygn 4+ 4" 25 = 16® 25™ And the shortest
Xl dayis-12"—4" 25™ = 7* 35",
Y And if the longest day is given, the latitude
of the place is found ;,;—i—) being equal to 7' L.

Thus, if thelongest dayis 13;* =2 X 6" - 45"
and 45 ™ in time :being equal to 117 degrees.

From the log. sinc of 11° 15" ... 1.2902357
fake the log. tang. of 23° 2V ... _. 1.6379562
Remminssor apas-i 1 - - shague oo 1.6522795

= the logarithmic tangent of lat. 24° 11

And the same way,. the latitudes, where the
several geographical cl/imates and parallels begin,
may be found ; and the latitudes of places, that
are assigned in authors from' the length of their
days, may be examined and corrected.

Note 3. The same rule for finding the long-
est day, in a given latitude, distinguishes the
hour-lines that are necessary to be drawn on any
dialfrom those which would be superfluous.

In lat, 52° 10° the longest day is 16" 32"
and the hour-lines are to be marked from 44%
after 1II in the morning, to 16™ after VIII in
the evening. 5 :

In the same latitude, let the dial of Art. 7,
Fig. 4, be proposed ; and the  elevation of its
stile (or the latitude of the place d, whose hori-
zon is parallel to the plane of the dial) being
15° 95 the longest day at d, that is, the longest
time that the sun can illuminate the plane of the
dial, will (by the rule H = T'L X T D) be
twice 6* 27® = 12" 54™ - The difference
of longitude of the ‘planes d and Z was found
in ‘the same ‘example to be 36° 2'; in time,
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2% 24™; and the declination of the plane was yxer.
from the south'toward the west. Adding there- . XL
fore 2® 24™ to 5% 33 ™, the- earliest sun-rising""‘"—’
on a horizontal dial at d, the sum 7" 57%
shews that the morning hours, or the parallel
dial at Z, ought to begin at 3™ before VIII.
And to the latest-sun-setting at d, which is 6*
7 o addin% the same 2® 247, the sum 8® 51 ™
exceeding 0" 167, the latest sun-setting at Z,
by 85 ™, shews that none of the afternoon hour-
lines are superfluous. And the 4® 13™ from
II® 44", the sun-rising at Z, to VII* 577;
the sun-rising at d, belong to the other face of
the dial; that is, to a dial declining 36° from
north to east, and inclining 15°

EXAMPLE Il

From the same data to find the sur’s azimuth.

If H, L, and D, are given, then (by Art. 2,
of Rule II) from A, having found the altitude
and its complement Z d ; and the arc P D (the
distance from the pole) being given, say, as the
co-sine of the altitude is to the sine of the distance
from the pole, so is-the sine of the hour-distance
from the meridian to the sine of the azimuth
distance from the meridian,

Let the latitude be 51° 30 north, the declina-
tion 15° 9 south, and the time II* 24™'in
the afternoon, when the sun begins to illuminate
a vertical wall, and it is required to find the po-
sition of the wall.

Then, by the foregoing theorems, the com-
plement of the altitude will be 81° 322, and
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P d the distance from the pole being 109° 5,
and the horary distance from the meridian, or the

angle d P Z, 30°.
To log sine 74° 51’ ... .. ...1.98164
Add log.sine 56° 0. ..o..... 1.76922
And from the sum ... ..._..... 1.75386
Take the log. sine 81° 32°; . ....1.99525
MREMAlS e b s s LR 1.75861 = log.

sine 35°, the azimuth distance south.

When the altitude is given, find from thence
the hour, and proceed as above.

This praxis is of singular use on many oc-
casions : in finding the declination of vertical
planes more exactly than in the common way,
especially if the transit of the sun’s centre is ob-
served by applying a ruler with sights, either
plane or telescopical, to the wall or plane, whose
declination is required.—In drawing a meridian-
line, and finding the magnetic variation.—In
finding the bearings of places in terrestrial sur-
veys ; the transit of the sun over any place, or
his horizontal distance from it being observed,
together with the altitude .and' hour.—And
thence determining small differences of longi-
tude.—In observing the variation at sea, &c.

The learned Mr. Andrew Reid invented an
instrument several years ago, for finding the. la-
titude at sea from two altitudes: of the sun; ob-
served on the same day, and the interval of the
observations, measured by a common watch.
And this instrument, whose only fault was that
of its being somewhat expensive, was made by
Mr. Jackson. Tables have been lately computed
for that purpose.

But we may often, from the foregoing rules,
resolve the same problem without much trouble ;
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especially if we suppose the master of the ship LECT.
to know within 2 or 8 degrees what his latitude . *-
- 7 ¥y — ey
is, Thus, 2

Assume the two nearest probable limits of the

latitude, and by the theorem H :’%‘-d’;!-), com-

pute the hours of observation for both supposi-
tions. If ‘one interval of those computed hours
coincides with. the interval observed, the ques-
tion is solved. If not, the two distances of the
intervals computed, from the true interval, will
give a proportional part to be added to, or sub-
tracted from, one of the latitudes assumed. And
if more exactness is required, the operation may
be repeated with the latitude already found.

But whichever way the question is solved, a
proper allowance is to be made for the difference
of latitude arising from the ship’s course in the
time between the two observations.

Of the double horizontal Dial, and the Balbylo-
nian and Italian Dials.

To the gnomonic projection, there is sometimes
added a stereographic projection of the hour-
circles, and the parallels of the sun’s declination,
on the same horizontal plane ; the upright side of
the gnomon being sloped into an edge, standing
perpendicularly over the centre of the projec-
tion : so that the dial being in its due position,
the shadow of that perpendicular edge is a ver-
tical circle passing through the sun, in the ste-
reographic projection. -

The months being duly marked on the dial,
the sun’s declimation, and the length of the day
at any time, are had by mspection ; as also his
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LECT. altitude, by means of ‘a scale of tangents.” But

Fig. 3.

Prare
XXIIIL

its chief property is, that it may be placed true,
“whenever the sun shines, without the help of
any-other instrument.

Let d be the sun’s place in the. ster eographlc
projection, x dy z the parallel of the sun’s decli-
nation, Zd 4 vertical circle through the sun’s
centre, P d the hour-circle; and it is evident,
that the diameter V.S of this ‘projection bemg
placed duly north and south, these three circles
will pass through the point ‘d. And therefore,
to give the dial its due position, we have only to
turn its gnomon toward the sunzon a horizontal
plane; until the hour on the common gnomonic
projection coincides with that marked by the
hour-circle P d, which passes through the inter-
section of the shadow Z d with the circle of the
sun’s present declination.

The Babylonian and Italian dials reckon the
hours, not from the meridian, as with us, but
from the sun’s rising and setting. Thus, in
Italy, one hour before sun-set is reckoned the

28% hour, two hours before sun-set the 22¢ hour,
and so of the rest. And the shadow that marks
them on the hour-lines, is that of the point of a
stile. This occasions a perpetual variation be-
tween their ‘dials and  ¢locks, which they must
correct from time to time, before it arises to
any sensible quantity, by. setting: their clocks so
much faster or slower. ~And in Italy they begin
therr day, and regulate their clocks, not from
sun-set, but from about mid-twilight, when the
Ave IWana is said ; which corrects the difference
that would otherwise be between the clock and
the dial.

‘The improvements which have been made in
all sorts of instruments and machines for mea-
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suring time, have rendered such dials of little LEcrT.
account. = Yet, as the theory of them is inge- _ *!
nious, and they.are really, in some respects, the

best contrived of any for vulgar use, a general

idea of their description may not be unaccept-

able. . 1 ey ,

Let Fig. 5 represent an erect direct southFig.s.
wall, on which a Babylonian dial is to be drawn,
shewing the hours from sun-rising ; the lati-
tude of the place, whose horizon:1s parallel to
the wall, being equal to the angle KCR. - Make,
as for a common dial, KG = K R, (which is per-
pendicular to CR) the radius of the equinoctial
& Q, and draw. R § perpendicular to CK for
the stile of the dial ; the shadow of whose point
R is to mark the hours, when SR is set upright
on the plane of the dial. - '

Then it is evident, that in the contingent line
A Q, the spaces K'1, K2, K 3, &c. being taken
equal to the tangents of the hour-distances from
the meridian, to the radius K G, one, two, three,
&c. hours after sun-rising,:on  the equinoctial
day ; the shadow of the point R will be found,
at these times, respectively in the points 1, 2, 3,
&c.

Draw, for the like hours after sun-rising, when
the sun is in: the tropic of Capricorn 13 v, the
like common lines €D, CE;, CF, &c. and at
these hours. the shadow of- the .point R will be
found in those lines respectively.  Find the sun’s
altitudes_above the plane of the dial at these
hours, and with their co-tangents Sd, Se, Sf,
&ec. to radius SR, describe arcs intersecting the
hour:-lines in the points d, e f, &c. so shall the
right lines 1d, 2¢, 8f, &c. be the lines of 1, 11,
111, &c. hours after sun-rising.

The comstruction is the same in every other
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case, due regard being had to the difference of
longitude of the place at which the dial would
be horizontal, and the place for which it is to
serve. And likewise, taking care to draw no
lines but what are necessary; which may be
done, partly by the rules already given for de-
termining the time that the sun shines on any
plane, and partly from this, that on the tropic-
al days the hyperbola described by the shadow
of the point R limits the extent of all the hour-
lines.

The most useful, however, as well as the
simplest, of such dials, is that which is described
an the two sides of the meridian plane.

That the Babylonian and Italic hours are
truly enough marked by right lines, is easily
shewn. Mark the three points on a globe,
where the horizon cuts the equinoctial, and the
two tropics, toward the east or west: and turn
the globe on its axis 15°, or I hour; and it is
plain that the three points which were in a
great circle (viz. the horizon) will be in a great
circle still ; which will be projected geometri-
cally into a straight line. But these three points
are universally the sun’s places, one hour after
sun-set (or one hour before sun-rise) on the
equinoctial and solstitial days. Thelike is true
of all other circles of declination, beside the
tropics ; and therefore, the hours on such dials
are truly marked by straight lines limited by
the projections of the tropics; and which are
rightly drawn, as in the foregoing example.

Note 1. The same dials may be delineated
without the hour-lines, €D, C£, CF, &c. by
setting off the sun’s azimuths on the plane of
the dial, from the centre S, on either side of
the substile €SK, and the corresponding- co-
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tangents:of altitude from the same centre S, for
I, 1I, ML, &c. hours before or after the sun is in
the horizon of the place for which the dial is to
serve, on the equinoctial and solstitial days.

* 2. One of these dials has its name from the
hours being reckoned from sun-rising, the be-
ginning of the Babylonian day. But we are not
thence to imagine that the equal hours, which
it shews, were those in which the astronomers
of that country marked their observations.
These, we know with certainty, were unequal,
like the Jewish, as being twelfth parts of the
natural day : and an hour of the night was, in
like manner, a twelfth part of the night ; longer
or shorter, according to the season of the year.
So that an hour of the day, and an hour of the
night, at the same place, would always make
= of 24, or 2 equinoctial hours. In Palestine,
among the Romans, and in several other coun-
tries, 3 of these unequal nocturnal hours were a
vigifia, or watch. And the reduction of equal
and unequal hours into one another is extreme-
ly easy. If, for instance, it is found, by a fore-
going rule, that in a certain latitade, at a given
time of the year, the length of a day is 14 equi-
noctial hours, the unequal hoursis then 4 or Z of
an hour, that is, 70 minutes; and the nocturnal
hour is 50 minutes. The first watch begins at
VII (sun-set); the second at three times 50 mi-
nutes after, viz. IX® 80®; the third always
at midnight ; the morning watch at half an hour
past IL '

If it were required to draw a dial for shewing
these unequal hours, or twelfth parts of the day,
we must take as many declinations of the sun as
are thought necessary, from the equator toward

each tropic: and having computed the sun’s
Vol. 11.
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altitude and azimuth for 2., 2, 3" parts, &c.
of each of the diurnal arcs belonging to the de-
clinations assumed : by these, the several points
in the circles of declination, where the shadow
of the stile’s point falls, are determined; and
curve lines drawn through the points of a ho-
mologous division will be the hour-lines re-
quired. *

Of the right placing of dials, and having a true
meridian line for the regulation of clocks and
watches. *

The plane on which the dial is to rest, being
duly prepared, and -every thing necessary for

* For the description of a new dial, invented by Lam-
bert, and of a curious Analemmatic dial, which can be

~ properly placed without a mariner’s needle, or a meridian

line, and which can be drawn in a garden, the spectator
being its stile, see Appendix—Ebp.

* Id another work, when speaking upon the placing of
sun~dials, our author observes, ¢ that if the dial be made
¢ according to the strictest rules of calculation, and be
¢ truly set at the instant when the sun’s centre is on the
¢ meridian, it will be a minute too fast in the forenoon,
¢ and a minute too slow in the afternoon, by the shadow
¢ of the stile ; for the edge of the shadow that shews the
¢ time is even with the sun’s foremost edge all the time be-
¢ fore noon, and even with his hindermost all the afternoon
¢ on the dial. And it is the sun’s centre that determines
¢ the time in the supposed hour-circles of the heavens.
¢ And as the sun is half a degree in breadth, he takes twao
¢ minutes to move through a space equal to his breadth,
¢ so that there will be two minutes at noon in which the
¢ shadow will have no motion at all on the dial; conse«
¢ quently, if the dial be set true by the sun in the fore-
¢ noon, it will be two miinutes too slow in the afternoon ;

. ! ¢ and
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fixing it, you may find the hour tolerably exact
by a large equinoctial ring-dial, and set your
watch toit. And then the dial may be fixed by
the watch at your leisure. ‘

If you would be more exact, take the sun’s
altitude by a good quadrant, noting the precise
time of observation by a clock or watch. Then,
compute the time for the altitude observed (by
the rule, page 57), and set the watch to agree
with that time, according to the sun. A Had-
ley’s quadrant is very convenient for this purpose ;
for, by it you may take the angle between the
sun and his image, reflected from a bason of
water : the half of which angle, subtracting the
refraction, is the altitude required. This is best
done in summer, and the nearer the sun is to
the prime vertical (the east or west azimuth)
when the observation is made, so much the
better.

Or, in summer, take two equal altitudes of
the sun in the same day ; one any time between
seven and ten in the morning, the other be-
tween two and five in the afternoon ; noting the
moments of these two observations by a clock

¢ and if it be set true in the afternocon, it will be two mi-
¢ nutes too fast in the forecnoon. The only way that I
¢ know of to remedy this is, to set every hour and minute
¢ division on the dial one minute nearer 12 than the cal-
¢ culation makes it to be. Tables and Tracts, 2¢ edit. P
73. These observations are new, and just enough in them-
selves ; but the evil which the author points out may be

remedied by observing the middle of the shadow’s penum.-.

bra, which corresponds with the sun’s centre, instead of
the border of the real shadaw; and I believe it will be
foum.i, that every person naturally does this when he de-
termines the hour of the day upon a sun-dial.—Eb.

F 2
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or watch : andif the watch shews the observa-
tions to be at equal distances from noon, it
agrees exactly with the sun ; if not, the watch
must be corrected by half the difference of the
forenoon and- afternoon intervals ; and then the
dial may be set true by the watch. ‘

Thus, for example, suppose you have' taken
the sun’s altitude when ‘it was twenty minutes
past VIII in the morning by the watch, and
found,’ by observing in the afternoon, that the
sun had the same altitude ten minutes before
IV, .then it is plain, that the watch was five
minutes too fast for the sun: for five minutes
after  XII is the middle time between VIII *
20 ™ in. the morning, and HI* 50™ in the
afternoon ; and therefore, to make the watch
agree with the sun, it must be set back five
minutes.. * !

A good meridian line, for regulating clocks or
watches, may be had by the following method.

Make a round hole, almost a quarter of an
inch diameter, in a thin plate of metal ; and fix
the plate in the top of a south window, in such
a manner, that it may recline from the zenith
at an angle equal to the co-latitude of your
place, as nearly as you can guess; for then the

3 The above method of finding the hour of the day by
corresponding altitudes of the sun or stars, is the easiest
and, most correct that can ‘be employed. Owing, how-
ever, to the change that takes place in the sun’s declina-

tion before the afternoon altitude is taken, it is liable to

an error, which, at a maximum, amounts to 30" in the
time .of the .equinoxes.. | A table containing this cor-
rection, which depends upon the interval between the alti-
tudes, and upon the declination of the sun, may be seen
in the Astronomie de la Lande, edit. 3°, tom. i, Tables,
p. 37, and in the Tables de Berlin, tom. i, p. 2g91.
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plate will face the sun directly at noon on the vrrcr
equinoctial days. Let the sun shine freely Xt
through the hole into the room; and hang a
plumb-line to the ceiling of the room; at least

five or six feet from the window, in'such a place

as that the sun’s rays, transmitted through the

hole, may fall upon the line when it is noon by

the clock; and having marked the said place

on the ceiling, take away the line.

Having adjusted a sliding bar to a dove-tail
groove, in a piece of wood about eighteen inches
long, and fixed a hook in the middle of the bar,
nail the wood to the above-mentioned place on
the ceiling, parallel to the side of the room in
which the window is; the groove and bar be-
ing toward the window. Then hang the plumb-
line upon the hook of the bar, the weight or
plummit reaching almost to the floor; and the
whole will be prepared for farther and proper
adjustment.

This done, find the true solar time by either
of the two last methods, and thereby regulate
your clock. Then, at the moment of next noon
by the clock, when the sun shines, move the
sliding bar in the groove until the shadow of the
plumb-line bisects the image of the sun (made
by his rays transmitted through the hole) on
the floor, wall, or on a white screen placed on
the north side of the line; the plummet or
weight at the end of the line hanging freely in
a_pail of water placed below it on the floor.

But because this may not be quite correct for the

first time, on account that the plummet will not

settle immediately, even in water; it may be

farther corrected on the following days, by the

above method, with the sun and clock, and so

brought to a very great exactness.
£,3
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LK N. B. The rays transmitted through the hole

— will cast but a faint image of the sun, even on
a white screen, unless the room be so darkened
that no sun-shine may be allowed to enter but
what comes through the small hole in the plate.
And always, for some time before the observa-
tion is made, the plummet ought to be immers-
ed in a jar. of water, where it may hang freely ;
by which means the line will soon become
steady, which otherwise would be apt to con-
tinue swinging.

As this meridian line will not only-be suf-
ficient for regulating clocks and watches to the
true time by equation tables, but also for most
astronomical purposes, I shall say nothing of
the magnificent and expensive meridian lines at
Bologna and Rome, nor of the better mehods
by which astronomers observe precisely the tran-
sits of the heavenly bodies over the meridian.*

4 For farther information upon dialing, the reader may
consult Orontii Finei opera, Fol. lib. iii.——De horologiis
Sciothericis 2 Joanne Voello, Turoni 1608.—Horologio-
graphia per Sebastianum, Munsterum 1533.— Christ. Clavii
Bambergensis horologiorum nova descriptio.—Demonstra-
tio et constructio horologiorum novorum, auctore Georgio
Schombergero.—Gnomonice Schoner gto.—Wolfii oper.
Mathemat. tom. ii, p. 787, Ferguson’s Select Exercises,
Leybourn’s Dialing, Leadbetter’s Dialing, ‘and an excel-
lent treatise by the celebrated Deparcicux, published at
the end of his Traite de Trigonometric rectiligne et spherique,
This subject is treatcd more profoundly by M. Sejour, in’
his Recherches sur la Gnomonique, 1761, and in his Trailg:
Analytique, tom. i, p, 705. ) =
T h b .
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LECTURE XIIL

SHEWING HOW TO CALCULATE THE MEAN-TIME
OF ANY NEW OR FULL MOON, OR ECLIPSE,
FROM THE CREATION OF THE WORLD TO THE
YEAR OF CHRIST 5800

IN the following tables, the mean lunation is LECT.
about a 20" part of a second of time longer X'
than its measure, as now printed in the last edi- .
Calculation
tion of my Astronomy ; which makes the differ- of new and
ence of a hour and thirty minutes in 3000 years, full moons.
—But this is not material, when only the mean
times are required. .

PRECEPTS.

To find the mean time of any New or Full Moon
in any giver year and month after the Chris-
tian era.:

1. If the given year be found in the third
column of . the table of the moon’s mean motion
Jrom the sun, under the title, years before and
after Christ ; write out that year, with the mean
motions belongmg to it, and thereto join the
given month. with its;mean motions. . But, if the
given year be not in the table, take out the next
lesser one to,it that you find, in the same column ;
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vecr. and thereto add as many complete years, as will
X!l make up the given year: then, join the month
and all the respective mean motions.

2, Collect these mean motions inte one sum
of signs, degrees, minutes, and seconds ; 5 re-
membering that 60 seconds (") make a minute,
60 minutes () a degree ; 30 degrees (¢ ) asign,
and 12 signs (*) a circle.  When the signs ex-
ceed 12, or 24, or 86 (which are whole circles),
reject them, and set down only the remainder;
which, together with the odd degrees, minutes,
and seconds, already set down, must be reckon-
ed the whole sum of the collection.

3. Subtract the result, or sum of this collec-
tion, from 12 signs; and write down .the re-
mainder. Then look in the table under days,
for the next less mean motions to this remainder,
and subtract them from it, writing down their
remainder.

This done, look in the table under Aours (mark-
ed H) for the next less mean motions to this last
remainder, and subtract them from it, writing
down their remainder.

Then look in the table under minutes (mark-
ed M) for the next less mean motions to this
remainder, and subtract them from it, writing
down their remainder.

Lastly, look in the table under seconds (mark-
ed S) for the next less mean motion to this re-
mainder, either greater or less; and against it
you have the seconds 'mSWermg ‘thereto.

4. And these times collected, will give the
mean time of the required new moon; which will
be right in common years ; and also in‘Jajiuary
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and February in leap years'; but-always one day o
too late in leap years after February i

EXAMPLE L,

Required the time gf new moon in Septemler17642
(A year not inserted in the table.)

Moon from sun.
I3 [ ra (/4

‘Fo the year after Christ’s birth 1733 10 9 24 56

Add complete years ... ... 11 010 14 20
(sum 1764)

And join September . . ... .. ... ... 22221 8

The'sum of these mean motionsis .... 1 12 0 21

‘Which,being subtracted fromacircle,or 12 0 0 0

Leaves remaint ngSLLE A aia oyt e 10 27 59 56
Next less mean motion for twenty-six
days, subtract o c e ceccaeaoalals 10 16 57 34
And there remains .. .. .. .. ........ e
Next less mean motion for two hours,
¢ Dot S e bl s s st st pebsa s hae 1 057
And the remainder willbe .. .. .._. .. 1 5
Next less mean miotion for two minutes,
[0 W T e 1 1
Remains the mean motion of twelve se-
conds,l. 5 .-, U e 4

These times, being collected, would shew the
mean time of the required new moon in Septem-
ber 1764, to be on the 29"‘ day, at 2» 2™ 12°
past noon. But, as it is in a leap year, and after
February, the time is one day too late.  So, the
true mean time is September the 25, at 2% 12°
past - I in"the afternoon.
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N. B. The tables always begin the day at noon,
and reckon thenceforward, to the noon of the
day following.

To find the mean time of full moon in any given
year and month after the Christian era.

Having collected the moon’s mean motion
from the sun for the beginning of the given year
and month, and subtracted their sum from twelve
signs (as in the former example), add six signs to
the remainder, and then proceed in all respects
as above.

EXAMPLE 1I.

Required the mean time of full moonin September1764 2

Moon from sun.
s o ’ "

To the year after Christ’s birth 1753 10 9 24 56
Add complete years ... ... 11 010 14 20

And join September « - - eennonanen - 29291 8

The sum of these mean motionsis . ... 1 12 0 24
‘Which, being subtracted froma circle,or 12 0 0 0

Leavesremaining e e v eceeaaaaan. 10 17 59 36
T'o which remainderadd . ........... 6 0 0 O
And thesum willbe . v ce v ecenaneo-- 4 17 59 36
Next less mean motion for eleven days, )

subtract . .- - oo cosaicisdsageta 4 14 5 54 |
And there remains . c oo o cvewceccann 3 53 42
Next less mean motion for seven hours,

SEDITACTE 1o -1 e meritic BN s re map = mio o 8 33 20
And the remainder will be . ... ...... 1920 22
Next less mean motion for forty minutes,

subtfact . . 5.5 S medinaigel ool 20 19

s e e

Remains the mean motion foreightseconds e
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So, the mean time, according to the tables, is LECT.
the 11® of September, at 7" 40™ 8° past noon.
One day too late, being after February in a leap
ear.
: And thus may the mean time of any new or
full moon be found, in any year after the Chris-
tian &Xra.

Do find the mean time of new or full moon in any
given year and month before the Christian ara.

If the given year before the year of Christ 1
be found in the third column of the table, under
the title of years before and after Christ, write
it out, together with the given month, and j join
the mean motions. But, if the given year be
not in the table, take out the next greater one
to it that you find ; which being still farther back
than the given year, add as many complete years
to it as will brmg the time forward to the given
year ; then join the month, and proceed n all
respects as above.

EXAMPLE III.

Required the mean time of new moon in May, the
year before Christ 585 ?

The next greater year in the table Is 600 ;
which‘being 15 years before the given year, add
the mean motions for 15 years to those of 600,
together with those for the beginning of May.
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Moon from sun.
'3 Q - ? "

LECT. To the year before Christ 600 .. ...... 511 616
XIL  Add complete years motion 15 . . ... .. 6 05524
== And the mean motion for May . ....... 0 22 53 23
Thewholequm isu Jo. .o ana it 0 455 3
‘Which, beingsubtracted froma circle,or 12 0 0 O
Leavesremaining . « e ceccaeian ... 11 26 4 57

Next less mean motion for twenty-nine
Uays, Subtracty.'o 20 I 2 1 te 11 23 31 54
And thereremains . . ... . ..o ... ._... 13 3

Next less mean motion for three hours,
EE XA B85S E000 J0h 0 6 0o 0o trant 131 26
And the remainder willbe ... ... _. 9o

Next less mean motion for three minutes,
S, T RSO R LR R i A1) 1 31

Remains the mean motion of fourteen
seconds, . - v .. - A S B S SRR e 6

So the mean time, by the tables, was the 29™
of May at 8* 3™ 14° past noon: a day later
than the truth, on account of its being in a leap
year. For as the year of Christ 1 was the first
after a leap year, the year 585 before the year 1
was a leap year of course.

If the given year be after the Christian =ra,
divide its date by 4, and if nothing remains, it
is a leap year in the old stile. But if the given
year was before the Christian @ra (or year of
Christ 1), subtract one from its date, and divide
the remainder by 4 ; then, if nothing remains,
it was a leap year ; otherwise not.
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To findwhether the sun is eclipsed at the time of any
given change, or the moon at any given full.

From the table of the sun’s mean motion (or LECT.
distance) from the moon’s ascending node, collect __*™
the mean motions answering to the given time ; of ciprer.
and if the result shews the sun to be within 18°
of either of the nodes at the time of new moon,
the sun will be eclipsed at that time.  Or, if the
result shews the time to be within 12° of either
of the nodes at the time of full moon, the moon
will be eclipsed at that time, in or near the con-
trary node ; otherwise not. '

EXAMPLE 1V,

The moon changed on the 26% of Septemler 1764,

- at 25 27 (neglecting the seconds) afternoon.

(See Example I). Qu. Whether the sun was
eclipsed at that time ?

Sun from node.

s o 7
To the year after Christ’s birth 1753 128 019
Add complete years . ... . ... 11 7 2 356
(sum 1764)

September 0L .. - .ol 0 0l 8§12 2249

And 20 days . T.... ...l B0 27 013
O R S  . 512

2 miimilesl 0. L S L 5

Sun’s distance from the ascending node 6 9 32 34

Now, as the descending node is just opposite
to the ascending (viz. six signs distant from it),
and the tables shew only how far the sun has
gone from the ascending node, which, by this
example, appears to be 6° 9° 32" 347, it is
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plain that he must have then been eclipsed; as
he was then only 9° 32 34 short of the des-
cending node. :

EXAMPLE V.

The moon was full on the 11# of Septemler 1764,
at 7% 40™ past moon. (See Example IL)
Qu. W hether she was eclipsed at that time ?

Sun from node.
s o ]

To the year after Christ’s birth 1753 198 019

Add complete years - ... ... 11 7 2 3586
(sum 1764)

September . . .o ai i 8 12 22 49

Llidaysya oo s 11 25 29

And 7 hour,s __________________ 18 11

A0minutes. . ... ... ... 1 44

Sun’s distance from the ascending node 5 24 12 28

Which bemg subtracted from six signs, leaves
only 5° 47 32" remaining ; and this being all
the space that the sun was short of the descend-
ing node, it is plain that the moon must then
have been eclipsed, because she was just as near
the contrary node.
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EXAMPLE VI,

Q. Whether the sun was eclipsed in May, the year
before Christ 5852 (See Example III.)

Sun from node,

s o- 1 n
To the year before Christ 600 . ... ...- 9 923 51 LECT.
Add ﬂleymean motion of 15 complete years 9 19 27 49 AR,
Magises o oo oo oc.n- .- g e 4 4 37 57
29 days - coueeamanccaacann 1 0 710
And Shours.... ..o a..-nn 748
3 minutes (neglecting the se-
CONUB)S <7 e e S 20 8

Sun’s distance from the ascending node 0 3 44 43

Which being less than 18°, shews that the sun
was eclipsed at that time.

“This eclipse was foretold by Thales, and isThaless
thought to be the eclipse which put an end to ¢clipse
the war between the Medes and Lydians.

The times of the sun’s conjunction with the When
nodes, and consequently the eclipse months of;‘:;,fo’:; g
any given year, are easily found by the Tables
of the sun’s mean motion from the moon’s ascend-
ing mode ; and much in the same way as the
mean conjunctions of the sun and moon are
found by the table of the moon’s mean motions
from the sun. For, -collect the sun’s mean mo-
tion from the node (which is the same as his
distance gone from it) for the beginning of any
given year, and subtract it from 12 signs ; then,
from the remainder, subtract the next less mean
motions belonging to whatever month you find
them in the table ; and from the remainder sub-
tract the next less mean motion for days, and so
on for hours and minutes ; the result of all which
will shew the time of the sun’s mean conjunction
with the ascending node of the moon’s orbit.
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EXAMPLE VIL

Required the time of the sun’s conjunction with
" 'the ascending node in the year 1764 ?

Sun from node.

1rer 1o the year after Christ’s birth 1753 -1 28 0 19
xit.  Add complete years - - .. . T, AN O 2! %55

et ,
Mean distance at beginning of
RN ) e o0 ... 1764209 0 4 15

Su&réc{ this distance from a circle,or 12 0 0 O

And there yemains - oo o oo o 244229 55 45
Next less mean motion for March,: sub-

LR 2 - fiaptre.s P P e i Y 2 116 39
And the remainder will be . ... . ... .. 2839 6
Next less mean motion for 27 days, sub-

tragle s s SoWi DAt 28 2 32
And there remains. - - oo o oeroeeeenn 36 34
Next less mean motion for 14 hours sub- ,

R el i\ el il B 24490 il S6 21
‘Remains, nearly, ‘the mean motion of

enagiites e s w e ot Ll osdeL s 13

Hence it appears, that the sun will pass by
the moon’s ascending node on the 27" of March,
at 14® 5™ past noon, viz. on the 28" day, at-
5™ past IT in the morning, according to the tables;
but this being in a leap year, and after February,
the time is one day toolate. Consequently, the
true time is at 5 past II in the morning on
the 27" day ; at which time the descending node
will be directly-opposite to the sun. - . g

If 6 signs be added tg the remainder arising
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from the first subtraction, (viz. from 12 signs) Lxct.
and then the work carried on as in the last XII
example; the result will give the mean time of

the sun’s conjunction with the descending node.

Thus, in .

1 EXAMPLE VIII.

To find when the sun will be in conjunction with
the descending node in the year 1764 ?

Sun from node.

s 0o ’ !I
To the year after Christ’s birth 1753 1 28 0 19
Add complete years . ....... 11 7 2 356

Mean distance from ascending

node at beginning of . ... .. 1764 9 0 415
Subtract this distance from a circle, or, 12 0 0 0
And the remainder will bey o .oz oone.. 2 29 55 45
"T'o which add half a circle, or. .. ... .. 6 0 00
And thesum willbe . oo o oooaaaoo.. 829 55 45
Next less mean motion for September sub-

UeaCted i®ts i e faniadiiatiacaats 8 12 22 49
And thereremains . . oo ceceecaao... 17 32 56
Next less mean motion for 16 days sub-

17 102 RTINS O R S 16 37 4
And the remainder will be:......._. 55 52
Next less mmean motion for 21 hours sub- .

trngted . s x%. .. . ooiathia i 51 32
Remains, nearly, the mean motion of 31

MRS = - o s cceetanaacnana 120

So that, according to the tables, the sun will
be in conjunction with the descending node on

the 16™ of September, at 21 hours 81 minutes
Vol 11, ¥
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LECT. past noon : one day later than the truth, on ac-

XIL ,
: ,cm{% of tge .leap-yea}f. i i = S
"The kimits en the moon changes withun 18 days be-

of eclipses. fore or after the sun’s conjunction with either of
the nodes, the sun will be eclipsed at that change -
and when the moon is full within 12 days before
or after the time of the sun’s conjunction with
either of the nodes, she will be eclipsed at the
full : otherwise not.
Theirpe-  If to the mean time of any eclipse, either of the
riod and re. .
stitution, Sun or moon, we add 557 Julian years 21 days
18 hours 11 minutes and 51 seconds (in which
there are exactly 6890 mean lunations) we shall
. have the mean time of another eclipse. * For at

S Dr. HavpLey’s period of eclipses contains only 18
< years 11 days 7 hours 43 minutes 20 seconds; in which
time, according to his tables, there are just 223 mean lu-
nations: but, as in that time, the sun’s mean motion from
the node is no more than 11* 29° 31’ 49’, which wants
28' 117 of being as nearly in conjunction with the same
node at the end of the period as it was at the beginning,
this period cannot be of constant duration for finding eclips-
es, because it will in time fall quite without their limits.
The following tables make this period 31" shorter, as ap-
pears by the calculation annexed.?

‘The period. Moon from the sun.  Sun from node.
! n s *} (7 n

Complete years,..c.o.. 18——-} 11 59 4~—11 17 46 18

days.......c..11—4 14 5 54— 11 25 29
hours .vvev e 7— 3 33 20— 18 11
minutese «.... 42— 21 20— 1 40
seconds e oo 0o 4d— 22— 2
Mean motionSeeesessss «.—0 O O 0-—11 29 31 49

s 2 By computing from the new solar tables of De Lambre, and
the lunar tables of Mayer, as improved by Mason, this short period
of eclipses, which is generally called the period of Pliny, er the
Chaldaic period, will amount only to 18 years 11 days 7 hours
42 minutes and 31 seconds; and the sun’s distance from the moon’s
node to 28’ 10'.—Ebs.
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the end of that time the moon will be either pgcr.

new or full, -according as we add it to the time X

of new or full moon ; and the sun wil] be only ™™
45" farther from the same node, at the end of

the said time, than he was at the beginning of

it ; as appears by the following example. ¢’ .

The period. Moon from sup.  Spn from node.

(3 o . Y e o YA/]

500—3 b5 32 4710 14 45 8

Complete vears 40—8 26 50 37— 1 28 58 49
17—3 2 2] 39—10 28 40 55

days...... 218 16 0 21— 21 48 38
hours..... 18— 9 835 46 44
minutes. ... 11— b 35— 20
seconds. ... 51 26— Q2

Mean moﬁons —0 0 0 0— 90 0 014>

And this period is so very near, that in 6000
years it will vary no more from the truth as to
the restitution of eclipses, than 81 minutes of a
degree ; which may be reckoned next to nothing.
It 1s the shortest in which, after many trials, I
can find so pear a conjunction of the sun, moon,
and the same node.

S The period here mentipned by Mr. Ferguson amounts
on;y to 557 years 21 days 18 hours 4 migutes 47 seconds 3
and the sun’s distance from the moon’s node is fully 4’ 41”.
—Eb. ;

¥ 2

-
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84 A Table of Mean Lunations.

This table is made by the continual addition
of a mean lunation, viz. 29° 12" 44™ 8° 6™ 12i¥
14 245 Qvii, :

Lun. | Days. H.M.S.Th.| In 100000 mean luna-
tions there are 8085 Ju-
1 29 12 44 3 6 |lian years 12 days 21 hours
2 50 128 6 13 [36 minutes 30 seconds
3| Q@ 8814 12 9 192953059 days 3 hours 36
4] 5 118 2 .56 12 25 |minutes 30 seconds.
5| E- 147 15 40 15 32|  Proof of the Table.
6 177 4 24 Moon fr. sun.
7 206 17 8 s 0 o
8 236 5 52 114 22 12
9 265 18 36 114 22 12
10 295 7 20 523 41 15
20 500 14 41 10 018 28
30 885 22 1 4 26 17 20
40 1181 5 22 10 40 1
50| 1476 12 42 18 7
100[ 2053 1 25 15
200 5006 2 50
300 8850 4 15 0 00 O
400| 11812 5 40 42 22\ vt by the former
5001 14756 7 5 52 57 precepts computed the
1000} 20530 14 11 45 541,000 time of new moon
2000] 50661 4 23 31 48;, January, for any given
ooy I s I e year, it is easy, by this Ta-
‘;‘g i;%%i 23 gg 43 ig ble, to find t}}e mean time
10000 205305 21 57 39 o of new moon in January for,
20000| 590611 19 55 18 o™ number of years after-
30000] 885917 17 52 57 © wards : and by means of a
40000{1181223 15 50 36 © small table of lunations for]
50000]1476520 13 48 15 0 12 or 13 months, to make
100000 2953'058 336 30 0 a general table for finding
9 the mean time, of new or

full moon in any given year
and month whatever.

D. H. M. S. Th.

In 11 lunations there are...... 324 20 4 34 10.
In 12 lunations. ... .......... 354 8 48 37 10.
In 13 lunations..............383 21 32 40 23,

But then it would be best to begin the year with March,
to avoid the inconvenience of losing a day by mistake in
leap year.
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A Table of the Moon’s mean Motion from the

=

Sun.

Vears |Years [Years be- |Moon from sun| Com- [Moon from sun.
lof the Jof the lfore and af- plete

[Julian {Worldter Christ. | ¢ © ¢  #f{ years. |« © ' .*
iperiod.

706 0 4008] 5 28 '1 17 11 |'0 10 14 20

714 8 4000/ 5 92324 12|(5 2 311
1714 | 1008 3000{11 20 28 57] 13 | g 11 40 35
2714|2008} < 200006 134 30§ 1412118 0O
37143008 & 10000 0 12 40 3§ 15]|6 0 55 24
381413108} = 90010 19 46 36] 16 |10 22 44 15
3014 13208| © 800] 8 26 53 17 |3 2 21 39
4014.{3308| 5 7000 7 3 59 43f 18| 7 11 59 4
41143408 5 600l 5 11 61 19 [11 21 36 27
4214 13508 | . 500{ 3 18 12 4 20| 4 13 25 19
4314 (3608) ', 400{ 1 25 19 23] 40 |'8 26 50 37
441413708| € 30000 2 25 5 6ol 1 10 15 56
451413808| & 20010 ¢ 32 2 80| 5 23 41 .15
461413908| & 100/ 8 16 39 3| 100 {10 7 6 33
4714|4008 | = 11 6 23 45 36] 2008 14 13 7
4814{4108| | ‘101f 5 052 g 300|621 19 40
491414208| & 201) 3 7'58 43| 400 | 4 28 26 13
5014(4308| '3 301} 1 15 5 16| 500 |3 5 32 .47
511414408} o 40111 22 11 49{ 1000 | 6 11 5 33
52145508 § 501j g 29 18 23] 2000 | 0 22 11 6
5714{5008| & 1001 1 4 51 3000 |7 3 10 39
6414 | 5708 1701 0 24 37 2§ 4000 | 1 14 22 12
646615760 1753{10 9 24 56 Moon from fun.
651415808 | 1801] 6 5 26 15)Months/ 0
g BTN Complete [Moon fromsunf Jan. |0 0 O O
gL R-Q* § Rhelins 9 2 Feb. | 0 17 54 48
£ 52 68 14 937 24 Mar. h1 29 15 16
_g‘\.‘i—":';‘ 2 241914 8|Aprl|01i7 10 3
=858 |BE 30285213 May |0 22 53 23
S 059 Ss 4] 52041 4fJune |1 10 40 11
825z |5 510 018 25{July |1 163132
seabESg|os 62 955520 Aug. |2 4 620
S5 R=E(§88 7161933 17 Sept. | 22221 8
g;ggs 2o gi11 1122 7fOct. 1228 429
L9085 IS8% 9 32059 32 Nov. |3 15 59 17
82552127 108 03655 Dec. | 32142 7
3 C £.2'5 [Thistable agrees with the old stile until the year

1753 ; and after that with the new.

3
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A Talble of the Moows mear’ motion from the

Sun.

’ngr & [Mooti from sun.| Moon from sun, | Modon from sun.

"l 3 - M
e ﬁ s o 1 miEHL O ot 4 M i
M.| !t # m .S w0
1] o12 vr 27 k.S feu M o L Th| o oqm Y

2| 024 22 53 ——— -
3| 1 63420} 1] 0302931154447
4) 1184547 21 1 057 32|16 15 16
51 205713} 318120331045 44
6] 213 840} 4| 2 1543417 16 13
7122520 7§ 5| 23822335117 40 42
8113 7 3134f: 6] 3 252361817 10
91131943 Off: 7| 33320371847 39
10} 4 115427} 8| 4 349}38 19 18 7
114 1 554§ 9. 434183919 48 36
121426172010} :5 446 40120 19 5
134 '8 828 47'1 11} 53515} 41 | 20 49 33
f 14| 52040 14§ 12| 6 5 43 || 42 |21 20 . 2
15.1 16 2 51 40 (.13 | 6 36 12 | 43 | 21 50 381
164 615 3 74141 7 641 | 44| 22:20 59
171 6 27,1434 1517 37 Q| 45 | 22 51 28
187 7 926 Of 16 8 :7 38 ] 4623 21 560
19| 7213727 1171 838 G647 (235225
201 8 '3 48 54§ 181 .9 8 35 || 48 |24 22 54
21| 816 021 191 939 4i 49|24 53 22
22| 828 11 471 20}10 9321 50| 25 23 51
23| 91023 14 |21 |1040 1 || 51|25 5419
24| 092234 41 |22 | 11 10 30 || 52 | 26 24 48
.25 |10 2446 7] 23)|114058 | 53|26 55 17
26 { 10 16 57 34 || 24 | 12 11 27 || 54 | 27 25 45
2711020 9 1t {35][1241 551 55|27 50 14
28| 11 11 20 27 || 26 | 13 12 24 | 56 | 28 20 43
20 | 11. 23 31 54 I 27 | 13 42 53 || 57 | 28 57 11
801 O 543 2128|1413 21 || 58 | 29 27 40
81| 017 54 48 [ 29 |14 43 50 | 59 | 29 58 8
32,] .1 0 61430115 14 18 j 60| 30 28 37

1 Lunation = 20" 12" 44™ 3' 6'* 21" 14" 24" 0™
In Jeap years, after February, a day and its motion must
be added to the time for which the moon’s mean distance,
from the sun is given. But when the mean time of any
new or full moon is required in leap year after February, a
day must be subtracted from the mean timethereof,as found
by the tables. In common years they give the day right.




A Table,

- Moon’s ascending node.

87

of the Sun’s mean Motion from the

Years | Years |[Years be- . .| Com- |Sun from node.
of t.hc of thelffore and  |Sun from node. | “plete | = .
Julian {World. lafter Christ.] — years. | * G SM1-¥
Period. ok ol SH T

700 0 4008| 7 617 9| 11|7 2 3 50
714 8- 4000{ 0 11 4 55] 12 |7 22 11 39
1714 {1008 3000l g 1035 11 13 (81117 2
2714 (2008 || ~ 2000/ 6 10 5 28] 14 |9 02225
3714 13008 ‘é 1000{ 3 9 35 4 15 |1 9 19 27 49
3814 3108 || .5 Q00| 7 24 32 46 - - 16 {10 9 35 31
3014 3208 | © 800j0 g 29 48) 17 [10 28 40 55
4014 3308 | S 700/ 4 24 26 4 18 {11 17 46 18
4114 3408 § & 000l 9 923 51} 190 0 51 43
4214 [3508 | X 500/ 1 24 20 53] 20 |0 26 59 24
4314 3608 { & 4001 6 9 17 544 40| 1 23 58 4y
4414 B708 | T 300110 24 14 56/ 60 | 2 20 58 13
4514 [3508 8 20003 9 11 52’ 80 | 3 17 57 37
4614 3008 | © 100( 7 24 8 59| 100 | 4 14.57 2
4714 4008 “I‘ /o 9 6 1| 200820354 3
4814 4108 § 5. 101/ 4 24 3 3f 300 |1 14 51 5
4914 14208 | B 20119 9 0 4] 40052948 7
5014 4308 | 5 301| 1 23 57 6f 500 |10 14 45 8
5114 (4408 | © 4011 6 8 54 8} 1000 [ S 20 30 17
5214 4508 | 2- 501110 23 51 9f 2000 | 5 29 O 33
5714 [5008 | * 1001l 9 8 36 18f 3000 | 2 28 30 50
6414 |5708 1701| 4 23 15 30 4000 {11 28 1 6
G466 |5760 1753 1 28 O 19| Months.|Sun from node.
§514 5808 1801} 8 25 44 44 s o /N
k) é'g:g Compiete {Sun from nede.} Jan. |O O O O
5;\2;« years e o "~ -" l'Feb. {-1' 2 11 48
A2 52 |82 1019 523 Mar. |2 11639
sgEs &g .21 810470 April 3 3 28 27
¥ 28 |28 31271610 May j4 43757
;-;_g;-‘_u :,g 4] 2 17 23 53] June | 5 6 49 45
&‘SE 5 53 629106]July |6 7 50 14
c85Ssldg 325344 Avg. (7 911 1
-‘;’,"*;'3 &mg 71 4 14 40 3| Sept. | 8 12 22 49
S S23812ea 85 447 46 Oct. [ 9 13 32 18
§:§g~§ S5% 952353 gf Nov. 10 15 44 &
FESEE A 10} 6 12 58 33| Dec. [11 10 53 34
208=%L his table agrees with the e/d stite until the year
~ | 1753 ; and after that, with the new.

3
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A Talble of the Sun’s mean Motion from the

Moon’s Ascending Node.
L}E(%’I‘ o Sun from pode.; Sun from node. | Sun from node.
5—-\,—:1 :ﬁ s e ¢« » i@ o ¢ u": "M ) n ow
M- L] /{l s. i m  ni
o P R0l N 0 1 7Y 2 O R ol T A
210 2 4 38 : T =
3/o0 3 657f 1|0 23631]1 2031
410 4 916§ 2|0 51232123 7
5/0 51186} 3[0 74833 {1 2543
6|0 61354 4/01023(34]|128 ¢
710 71613 5|/0125935]|1 31 55
810 81832 Gl01535(|36(1338 31
90|00 92051 7l01811}37|1386 6
10101023 10 802047 [ 38]1 38 42
110112529 9023 23391 4118
12| 012 27 48} 10 | 0 25 58 || 40 | 1 43 54
1301330 7/ 11]02833] 411 46 36
1401432200 12{031 9||42]149 5
151015 34 15| 13 | 033 45| 43 | 1 51 41
1601637 41403621 {44)1 5417
1710173923} 1503857451 56 53
181018 41 41 | 16 |0 41 32 || 46 | 1 59 29
10/01944 017|044 8l 47]|2 2 5
20 {02046 19| 18 [0 46 44 {1 48 (2 4 41
21021 4838 | 19/0409 201492 7 17
2210225057 |20(051561f50(2 9 53
23 102353 16|21 {65432 51]21229
241024 5535122]057 852|215 5
25 02557 54| 23|05043 153|217 41
26,027 013|241 2195422017
27 /028 232|25}1 455/ 55]2 22353
28 029 451|261 7315622529
20({1 0 710({27|110 76571228 4
3011 1 929|281 1243 5823040
311 21148[29|115 9| 5923316
3211 31447)30)11755)| 6023552
In leap years, after February, add one day and one
day’s motion to the time at which the sun’s mean dis-
tance from the ascending node is required.

)






90 - MECHANICS.

to stop the weight from running down, if any
~ of the men happen to trip or fall in the wheel,

the weight descends, and turns the wheel rapid-
ly backward, and tosses the men violently about
within it ; which has produced melancholy in-
stances, not only of limbs broke, but even of
lives lost, by the ill-judged construction of cranes.
And besides, they have but one power for all
sorts of weights; so that they generally spend as
much time in raising a small weight as in raising
a great one. ‘

These imperfections and dangers induced me
to think of a method for remedying them. And
for that purpose, I contrived a crane with a pro-
per stop to prevent the danger, and with differ-
ent powers suited to different weights; so that
there might be as little loss of time as possible :
and also, that when heavy goods are let down
into ships, the descent may be regular and deli-
berate.

This crane has four different powers: and, I
believe, it might be built in a room eight feet
in width : the gib being on the outside of the
room.

Three trundles, with different numbers of
staves, are applied to the cogs of a horizontal
wheel with an upright axle; and the rope that
draws up the weight coils round the axle. The
wheel has ninety-six cogs, the largest trundle
twenty-four staves, the next largest has twelve,
and the smallest has six. So that the largest
trundle makes four revolutions for one revolu-
tion of the wheel: the next makes eight, and
the smallest makes sixteen. A winch is occa-
sionaily put upon the axis of either of these
trundles, for turning it; the trundle being then
used that gives a power best suited to the weight
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and the handle of the winch describes a circle in
every revolution equal to twice the circumfer-
ence of the axle of the wheel. So that the length
of the winch doubles the power gained by each
trundle.

As the power gained by any machine, or en-
gine whatever, is, in direct proportion, as the
velocity of the power is to the velocity of the
weight ; the powers of this crane are easily esti-
mated, and they are as follows.—

If the winch be put upon the axle of the larg-
est trundle, and turned four times round, the
wheel and axle will be turned once round : and
the circle described by the power that turns the
winch, being, in each revolution, double the cir-
cumference of the axle, when the thickness of
the rope is added thereto ; the power goes through
eight times as much space as the weight rises
through : and therefore (making some allowance
for friction) a man will raise eight times as much
weight by the crane as he would by his natural
strength without it : the power, in this case, be-
ing as eight to one,

If the winch be put upon the axis of the next
trundle, the power will be as sixteen to one, be-
cause it moves sixteen times as fast as the weight
moves. :

If the winch be put upon the axis of the small-
est trundle, and turned round, the power will be
as thirty-two to one.

But if the weight should be too great, even
for this power to raise, the power may be doubled
by drawing up the weight by one of the parts of
a double rope, going under a pulley in the move-
able block, which is hooked to the weight below
the arm of the gib; and then the power will be
as sixty-four to one. That is, a man could then
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raise sixty-four times as much weight by the
crane as he could raise by his natural strength
without it; because, for every inch that the weight
rises, the working power will move through sixty-
four inches.

By hanging a block with two pullies to the arm
of the gib, and having two pullies in the move-
able block that rises with the weight, the rope
being doubled over and under these pullies, the
power of the crane will be as 128 to one. And
so, by increasing the number of pullies, the power
may be increased as much as you please : always
remembering, that the larger the pullies are, the
less s their friction.

While the weight is drawing up, the ratch-
teeth of a wheel slip round below a catch or
click that falls successively into them, and so
hinders the crane from turning backward, and
detains the weight in any part of its ascent, if
the man who works at the winch should acci-
dentally happen to quit his hold, or choose to rest
himself before the weight be quite drawn up.

In order to let down the weight, a man pulls
down one end of a lever of the second kind,
which lifts the catch of the ratchet-wheel, and
gives the weight liberty to descend. But, if the
descent be too quick, he pulls the lever a little
farther down, so as to make it rub against the
outer edge of a round wheel ; by which means
he lets down the weight as slowly as he pleases :
and, by pulling a little harder, he may stop the
weight, If needful, in any part of its descent.
If he accidentally quits hold of ‘the lever, the
catch immediately falls, and stops both the weight
and the whole machine.

This crane is represented in Plate I, where .4
js the great wheel, and B its axle on which the
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rope C winds. This rope goes over a pulley
D in the end of the arm of the gib E,; and -
draws up the weight F, as the winch G is turn-

ed round. H is the largest trundle, 7 the next,

and K is the axis of the smallest trundle, which

is supposed. to be hid from view by the upright

supporter L. A trundle M is turned by the.
great wheel, and on the axis of this trundle is

fixed the ratchet-wheel IV, into the teeth of
which the catch O falls. P is the lever, from

which goes a rope QQ, over a pulley R to the

catch ; one end of the rope being fixed to the

lever, and the other end to the catch. § is an

elastic bar of wood, one end of which is screw-

ed to the floor : and, from the other end goes a

rope (out of sight in the figure) to the further

end of the lever, beyond the pin or axis on

which it turns in the upright supporter 7% The

use of this bar is to keep up the lever from rub-

bing against the edge of the wheel U, and to let

the catch keep in the teeth of the ratchet-wheel :

but a weight hung to the farther end of the

lever would do full as well as the elastic bar and

rope.

When the lever is pulled down, it lifts the
catch out of the ratchet-wheel, by means of the
rope QQ, and gives the weight F liberty to des-
cend : but if the lever P be pulled a little far-
ther down than what is sufficient to lift the catch
O out of the ratchet-wheel 4, it will rub against
the edge of the wheel U, and thereby hinder
the too quick descent of the weight; and will
quite stop the weight if pulled hard. And if the
man who pulls the lever, should happen inad-
vertently to let it go, the elastic bar will sudden-
ly pull it up, and the catch will fall down and
stop the machine,
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WV are two upright rollers above the axis or
upper gudgeon of the gib £ : their use is to let
the rope C bend upon them, as the gib is turn.
ed to either side, in order to bring the weight
over the place where it is intended to be let
down.

N. B. The rollers ought to be so placed, that
if the rope C be stretched close by their utmost
sides, the half thickness of the rope may be per-
pendicularly aver the centre of the upper gudgeon
of the gib. For then, and in no other position
of the rollers, the length of the rope between
the pulley in the gib and the axle of the great
wheel will be always the same, in all positions of
the gib: and the gib will remain in any position
to which it is turned.

When either of the trundles is not turned by
the winch in working the crane, it may be drawn
off from the wheel, after the pin near the axis
of the trundle is drawn out, and the thiek piece
of wood is raised a little behind the outward sup-
porter of the axis of the trundle. But this is
2ot material ; for, as the trundle has no friction
on its axis but what is occasioned by its weight,
it will be turned by the wheel without any sens-
ible resistance in working the crane.

A Pyrometer, that makes the expansion of metals
by heal visible to the five-and-forty thousandth
part of an mnch. '

The upper surface of this machine is repre-
sented by Fig. 1 of Plate II. Its frame 4 BCD

-

is made of mahogany wood, on which is a circle

Pears 1L, divided into 360 equal parts; and within that
¥ig- 1. 8- circle is another, divided into eight equal parts.
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If the short bar E be pushed one inch forward
(or toward the centre of the circle) the index e
will be turned 125 times round the circle of 360
parts or degrees. As 125 times 360 is 45,0005
it is evident, that if the bar £ be moved only
the 45,000™ part of an inch, the index will
move one degree of the circle. But as in my
pyrometer the circle is nine inches in diameter,
the motion of the index is visible to half a de-
gree, which answers to the ninety thousandth
part of an inch in the motion or pushing of the
short bar F.

One end of a long bar of metal F'is laid into
a hollow place in a piece of iron G, which is fix-
ed to the frame of the machine ; and the other
énd of this bar is laid against the end of the
short bar E, over the supporting cross bar H 7 :
and, as the end fof the long bar is placed close
against the end of the short bar, it is plain, that
it F expands, it will push E forward, and. turn
the index e.

The machine stands on four short pillars, high
enough from a table, to let a spirit-lamp be put
on the table under the bar F'; and when that is
done, the heat of the flame of the lamp expands
the bar, and turns the index.

There are bars of different metals, as silver,
brass, and iron, all of the same length as the
bar F, for trying experiments on the different ex-
pansions of different metals, by equal degrees of
heat applied to-them for equal lengths of time;
which may be measured by a pendulum, that
swings seconds.  Thus,

Put on the brass. bar F, and set the index to Method of
the 360™ degree : then put the lighted lamp un- wivg it
der the bar, and count the number of seconds
in which the index goes round the plate, from



Tig. 2.

96 MECHANICS:

360 to 360 again ; and then blow out the lamp;
and take away the bar.

* This done, put on an iron bar F where the
brass one was before, and then set the index to
the 360™ degree again: Light the lamp and
put it under the iron bar, and let it remain just
as many seconds as it did under the brass one;
and then blow it out, and you will see how
many degrees the index has moved in the circle;
and by that means you will know in what pro-
portion the expansion of iron is to the expansion
of brass; which I find to be as 210 is to 360,
or as seven is to twelve.—By this method, the
relative expansions of different metals may be
found.

The bars ought to be exactly of equal size ;
and to have them so, they should be drawn, like
wire, through a hole.

‘When the lamp is blown out, you will see the
index turn backward : which shews that the metal
contracts as it cools.

The inside of this pyrometer is constructed as
follows.—

In Fig. 2, A a is the short bar which moves
between rollers ; and, on the side a it has fifteen
teeth in an inch, which take into the leaves of a
pinion B (twelve in number) on whose axis is the
wheel € of 100 teeth, which take into the ten
leaves of the pinion D, on whose axis is the
wheel £ of 100 teeth, which take into the ten
leaves of the pinion F, on the top of whose axis
is the index above mentioned.

Now, as the wheels € and E have 100 teeth
each ; and the pinions D and F have ten leaves
each, it is plain, that if the wheel € turns once
round, the pinion F and the index on its axis
will turn 100 times round. But, as the first

%
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pinion B has only twelve leaves, and the bar 4«
that turns it has fifteen teeth in an inch, which
is twelve and a fourth part more ; one inch mo-
tion of the bar will cause the last pmion F to
turn a hundred times round, and a fourth part
of a hundred over and above, which is twenty-
five. So that if A4 a be pushed one inch, F will
be turned 125 times round.

A silk thread b is tied to the axis of the pinion
D, and wound several times round it ; and the
other end of the thread is tied to" a piece of
slender watch-spring G, which is fixed into the
stud H. So that as thebar f expands, and pushes
the bar A « forward, the thread winds round the
axle, and draws out the spring : and as the bar
contracts, the spring pulls back the thread, and
turns the work the contrary way, which pushes
back the short bar A4a against the long bar f.
This spring always keeps the teeth of the wheels
in contact with the leaves of the pinions, and so
prevents any shake in the teeth.

In Fig. 1, the eight divisions of the inner circle Fig. .
are so many thousandth parts of an inch in the
expansion or contraction of the bars; which is
just one thousandth part of an inch for each divi-
sion moved over by the index.

A4 water-mill, invented Ly Dr. Barker, that has
neither wheel nor trundle.

This machine is represented by Fig. 1 of Plate Barker's
HI, in which A is 2 pipe or channel that brings ‘;::“1‘,'!“’,‘}1,',
water to the upright tube B. ‘The water runsFig. 1,sur.
down the tube, and thence into the horizontal

trunk €, and runs out through holes at  and ¢
Vol. 11. G
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near the ends of the trunk on the contrary sides
thereof. .

The upright spindle D is fixed in the bottonx
of the trunk, and screwed to it below by the
nut g; and is fixed into the trunk by two cross
bars at f: so that, if the tube B and trunk C be
turned round, the spindle D will be turned also.

The top of the spindle goes square into the
rynd of the upper mill-stone H, as in common
mills ; and, as the trunk, tube, and spindle, turn
round, the mill-stone is turned round thereby.
The lower, or quiescent, mill-stone is represented
by I; and K is the floor on which it rests, and
wherein is the hole L for letting the meal run
through, and fall down into a trough, which may
be about #. The hoop or case that goes round
the mill-stone rests on the floor X, and supports
the hopper, in the common way. The lower
end of the spindle turns in a hole in the bridge-
tree G F, which supports the mill-stone, tube,
spindle, and trunk. This tree is moveable on a
pin at &, and its other end is supported by an
iron rod NN fixed into it, the top of the rod go-
ing through the fixed bracket O, and having 2
screw nut o upon it, above the bracket. By turn-
ing this nut forward or backward, the mill-stone
is raised or lowered at pleasure.

While the tube B is kept full of water from
the pipe 4, and the water continues to run out
from the ends of the trunk; the upper mill-
stone H, together with the trunk, tube, and
spindle, turns round. But, if the holes in the
trunk were stopped, no motion would ensue;
even though the tube and trunk were full of
water. For,

If there were no hole in the trunk, the pressure
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A machine for demonstrating that, on equal
bottoms, the pressure of fluids is in proportion
to their perpendicular heights, without any
regard to their quantities.

Hydrosati- 1 His is termed the Hydrostatical Paradox :

sl Para- and the machine for shewing it is represented in

prare m, Fig. 2 of Plate IIl.-—In which 4 is a box that

Fig. 2, sup. holds about a pound of water, abcde a glass-
tube fixed in the top of the box, having a small
wire within it ; one end of the wire being hook-
ed to the end F of the beam of a balance, and
the other end of the wire fixed to a moveable
bottom, on which the water lies, within the box ;
the bottom and wire being of equal weight with
an empty scale (out of sight in the figure) hang-
ing at the other end of the balance. If this scale
be pulled down, the bottom will be drawn up
within the box, and that motion will cause the
water to rise in the glass-tube.

Put one pound weight into the scale, which
will move the bottom a little, and cause the
water to appear just in the lower end of the
tube at @ ; which shews that the water presses
with the force of one pound on the bottom ;
put another pound into the scale, and the water
will rise from e to & in the tube, just twice as
high above the bottom as it was when at a;
and then, as its pressure on the bottom supports
two pound weight in the scale, it is plain that
the pressure on the bottom is then equal to two
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pounds. Put a third pound weight in the scale,
and the water will be raised from & to c“in the
tube, three times as high above the bottom as
when it began to appear in the tube at a;
which shews, that the same quantity of water
that pressed, but with the force of one pound on
the bottom, when raised no higher than a, presses
with the force of three pounds on the bottom
when raised three times as high to ¢ in the tube.
Put a fourth pound weight into the scale, and
it will cause the water to rise in the tube from ¢
to d, four times as high as when it was all con-
tained in the box, which shews that its pressure
then upon the bottom is four times as great as
when it lay all within the box. Put a fifth
pound weight into the scale, and the water will
rise in the tube from d to e, five times as high
as it was above the bottom, before it rose in
the tube ; which shews that its pressure on the
bottom is then equal to five pounds, seeing that
it supports so much weight in the scale. And
so on, if the tube was still longer ; for it would
still require an additional pound put into the
scale, to raise the water in the tube to an addi-
tional height equal to the space de ; even if the
bore of the tube was so small as only to let the
wire move freely within it, and leave room for
any water to get round the wire.

Hence we infer, that if a long narrow pipe
or tube was fixed in the top of a cask full of
liquor, and if as much liquor was poured into
the tube as would fill it, even though it were
so small as not to hold an ounce weight of
liquor ; the pressure arising from the liquor in
the tube would be as great upon the bottom,
and be in as much danger of bursting it out,
. as if the cask was continued up, in its full size,
G3



102 MYDROSTATICS.

to the height of the tube, and filled with k-

quor.

Solution of  In order to account for this surprising affair,

the para-
dox,

we must consider that fluids press equally in all
manner of directions; and consequently that
they press just as strongly upward as they do
downward. For, if another tube, as'f; be put
into a hole made into the top of the box, and
the box be filled with water ; and then, if water
be poured in at the top of the tube abcde,
it will rise in the tube f to the same height as
it does in the other tube: and if you leave off
pouring, when the water is at ¢, or any other
place in the tube abcde, you will find it just
as high'in the tube f: and if you pour in water
to fil the first tube, the second will be filled also.
Now, it is evident, that the water rises in the
tube f, from the downward pressure of the wa-
ter in the tube el cde, on the surface of the
water, contiguous to the inside of the top of
the box; and as it will stand at equal heights
in both tubes, the upward pressure in the tube
f is equal to the downward pressure in the other
tube. But, if the tube f were put in any other
part of the top of the box, the rising of the
water in it would still be the same: or, if the
top was full of holes, and a tube put into each
of them, the water would rise as high in each
tube as it was poured into the tube abcde;

.and then the moveable bottom would have the

weight of the water in all the tubes to bear, be-
side the weight of all the water in the box.

And seeing that the water is pressed upward
into each tube, it is evident that, if they.be all
taken away, excepting the tube @ b cde, and the
holes in which they stood be stopped up; each
part, thus'stopped, will be pressed as much up-
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ward, as was equal to the weight of water in
each tube. So that, the upward pressure against
the inside of the top of the box, on every part
equal in breadth to the width of the tube abcde,
will be pressed upward with a force equal to the
whole weight of water in the tube. And conse-
quently, the whole upward pressure against the
top of the box, arising from the weight or down-
ward pressure of the water in the tube, will be
equal to the weight of a column of water of the
same height with that in the tube, and of the
same thickness as the width of the inside of the
box : and this upward pressure against the top
will re-act downward against the bottom, and
be as great thereon, as would be equal to the
weight of a column of water as thick as the
moveable bottom is broad, and as high as the
water stands in the tube. And thus, the para-
dox is solved.

The moveable bottom has no friction against
the inside of the box, nor can any water get
between it and the box. The method of making
it so, is as follows.—

In Fig. 8, ABCD represents a section of the Construc-
box, and abcd is the lid or top thereof, which tion of the
goes on tight, like the lid of a common paperg‘:}:om,‘
snuff-box. £ is the moveable bottom, with a
groove around its edge, and it is put into a
bladder fg, which is tied close around it in theFig. ;.
-groove by a strong waxed thread ; the bladder
coming up like a purse within the box, and put
over the top of it at @ and d all round, and then
the lid pressed on. So that, if water be poured
in through the hole // of the lid, it will lie upon
the botton E, and be contained in the space
[ E g h within the bladder ; and the bottom may
be raised by pulling the wire 7, which is fixed to
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it at £: and by thus pulling the wire, the water
will be lifted up in the tube %, and as the bot-
tom does not touch the inside of the box, it moves
without friction.

Now, suppose the diameter of this round bot-
tom to be three inches (in which case, the area
thereof will be nine circular inches), .and the
diameter of the bore of the tube to be a quarter
of an inch ; the whole area of the bottom will
be 144 times as great as the area of the top of a
pin that would fill the tube like a cork.

And bence it is plain, that if the moveable
bottom be raised only the 144 part of an inch,
the water will thereby be raised a whole inch in
the tube ; and consequently, that if the bottom
be raised one inch, it would raise the water to
the top of a tube 144 inches, or twelve feet in
heigh:t.

N. B. The box must be open below the move-
able bottorn, to let in the air. Otherwise, the
pressure of the atmosphere would be so great
upon the moveable bottom, if it be three inches
in diameter, as to require 108 pounds in the
scale, to balance that pressure, before the bot-
tom could begin to move. -

« machine, to be substituted in place of the com-
"mon by ydrostatical bellows.

In Fig. 1 of Plate IV, #BCD 1is an oblong
square box, in one end of which is a round
groove, as at a, from top to bottom, for receiv-

Prare 1v,1Ng the upnght glass tube Z, which is bent Jtoa
Fig. 1,3, 3,r1ght angle at the lower end (as at 7 in Fig. 2),

and to that part is tied the neck of a large blad-
der K (Fig. 2), which lies.in the bottom of the
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box. Over this bladder is laid the moveable
board L (Fig. 1 and 8), in which is fixed an
upright wire A/ ; and leaden weights NN, to
the amount of sixteen pounds, with holes in
their middle, which-are put upon the wire, over
the board, and press upon it with all their force. .

The cross bar p is then put on, to secure the
tube from falling, and keep it in an upright po-
sition : and then the piece EFG is to be put
on, the part G sliding tight into the dove-tailed
groove H, to keep the weights NN horizontal,
and the wire M upright ; there being a round
hole e in the part £ F for receiving the wire.

There are four upright pins in the four cor-
ners of the box within, each almost an inch
long, for the board L to rest upon: to keep it
from pressing the sides of the bladder below it
close together at first.

The whole machine being thus put together,
pour water into the tube at top ; and the water
will run down the tube into the bladder below
the board ; and after the bladder has been filled
up to the board, continue pouring water into
the tube, and the upward pressure which it will
excite in the bladder, will raise the board with
all the weight upon it, even though the bore of
the tube should be so small, that less than an
ounce of water would fill it.*

* Upon this principle, it has been justly affirmed by
some writers on natural philosophy, that a certain quantity
of water, however small, may be rendered capable of ex-
erting a force cqual to any assignable one, by increasing
the height of the column, and diminishing the base on
which it presses. Dr. Goldsmith observes, that lie has
seen a strong hogshead split in this manner. A small,
though strong tube of tin, twenty feet high, was inserted

in
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This machine acts upon the same principle as
the one last described, concerning the Hydrosta-
tical paradox. For, the upward pressure against
every part of the board (which the bladder
touches), equal in area to the area of the bore of
the tube, will be pressed upward with a force
equal to the weight of the water in the tube ; and
the sum of all these pressures against so many
areas of the board, will be sufficient to raise it
with all the weights upon it.

In my opinion, nothing can exceed this simple
machine, in making the upward pressure of fluids
evident to sight.

The cause of reciprocating springs, and of ebbing
and flowing wells, explained.”

In Fig. 1 of Plate V, let abcd be a hill,
within which is a large cavern 4.4 near the top,
filled or fed by rains and melted snow on the

Fig.1, fup.top @, making their way through chinks and

in the bung-hole of the hogshead. 'Water was then poured
into the tube till the hogshead was filled, and the water
had reached within a foot of the top of the tin tube. By
the pressure of this column of water, the hogshead burst
with incredible force, and the water was scattered in every
direction. By diminishing the area of the tube one half,
or doubling its height, the same quantity of water would
have a double force. —Eb.

* Dr. Atwell of Oxford seems to have been the first
person that poiuted out the cause of reciprocating springs.
The theory of this gentleman, of which the article in the
text'is an abridgement, was published in Number 424 of
the Philosophical Transactions, and was suggested by the
phenomena of Layawell spring, at Brixam in Devonshire.—
See Desagulier’s Experimental Philosophy, vel. ii, p. 173.
and vol. 1, of this work, p. 141.—Eo.

3
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crannies into the said cavern, from which pro-
ceeds a small stream CC within the body of the
hill, and issues out in a spring at G on the side
of the hill, which will run constantly while the
cavern is fed with water.

From the same cavern .44, let there be a
small channel D, to carry water into the cavern
B ; and from that cavern let there be a bended
channel EeF, larger than D, joining with the
former channel CC, as at f before it comes to
the side of the hill ; and let the joining at f be
below the level of the bottom of both these ca-
verns. '

As the water rises in the cavern B, it will rise
2s high in the channel Ee F': and when it rises
to the top of that channel at e, it will run dowr:
the part ¢ FG, and make a swell in the spring
G, which will continue till all the water is drawn
off from the cavern B, by the natural syphon
Ee F (which carries off the water faster from B
than the channel D brings water to it), and then
the swell will stop, and only the small channel
G C will carry water to the spring G, till the ca-
vern B is filled to B again by the rill D; and
then the water being at the top e of the channdl
Ee F, that channel will act again as a syplon,
and carry off all the water from B to the spring
G, and so make a swelling flow of water at G as
before.

To illustrate this by a machine (Fig. 2), let A/ 1lustrated
be a large wooden box, filled with water ; and %2 ™"
let a small pipe €C (the upper end of which is
fixed into the bottom of the box) carry water
from the box to G,, where it will run off con-¥ig. 2.
stantly, like a small spring. Let another small
pipe D carry water from the same box to the
box or well B, from which let 2 syphon Eel
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proceed, and join with the pipe €'C at f: the
bore of the syphon being larger than the bore
of the feeding-pipe D. As the water from this
pipe rises in the well B, it will also rise as high
in the syphon Ee F'; and when the syphon is
full to the top e, the water will run over the
bend e, down the part e F, and go off at the
mouth G; which will make a great stream at
G : and that stream will continue, till the sy-
phon has carried off all the water from the well
B ; the syphon carrying off the water faster
from B than the pipe D brings water to it: and
then the swell at G will cease, and only the
water from the small pipe C C will run off at G,
till the pipe D fills the well B again ; and then
the syphon will run, and make a swell at G as
before.

And thus, we have an artificial representation
of an ebbing and flowing well, and of a reci-
procating spring, in a very natural and simple
manner.
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An account of the principles by whicl Mr. Blakey
proposes to raise water from mines, or from
rivers, to supply towns, and gentlemen’s seats,
by his mew-invented fire-engine, for which he
has received his majesty’s leticrs patent.

A rroven I am not at liberty to describe Blakey’s -
the whole of this simple engine, yet I have thei’le:"f‘;"c‘
patentee’s leave to describe such a one as will 1;:,_:,5;?,
shew the principles by which it acts.
In Fig. 4 of Plate IV, let £ be a large, strong,
close, vessel, immersed in water up to the cock
b, and having a hole in the bottom, with a valve
a upon it, opening upward within the vessel.
A pipe B rises from the bottom of this ves-
sel, and has a cock ¢ in it near the top, which
is small there, for playing a very high jet d.
E is the little boiler (not so big as a common "
tea-kettle) which is connected with the vessel .7
by the steam-pipe #'; and G is a funnel, through
which a little water must be occasionally poured
into the boiler, to yield a proper quantity of
steam ; and a small quantity of water will do
for that purpose, because steam possesses up-
ward of 14,000 times as much space or bulk as
the water does from which it proceeds.
The vessel A being immersed in water up to
the cock &, open that cock, and the water will
rush in through the boitom of the vessel at a,
and fill it as high up as the water stands on its
outside ; and the water, coming into the vesscl,
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will drive the air out of it (as high as the water
rises within it) through the cock £, When the
water has done rushing into the vessel, shut the
cock b, and the valve a will fall down, and hin-
der the water from being pushed out that way,
by any force that presses on its surface. All the
part of the vessel above & will be full of common
air when the water rises to 2.

Shut the cock ¢, and open the cocks d and
e; then pour as much water into the boiler E
(through the funnel G) as will about half fill
the boiler ; and then shut the cock d, and leave
the cock e open.

This done, make a fire under the boiler £,
and the heat thereof will raise a steam from the
water in the boiler ; and the steam will make
its way thence, .through the pipe F, into the
vessel A ; and the steam will compress the air
(above 0) with a very great force upon the sur-
face of the waterin 4. -

When the top of the vessel A feels very hot
by the steam under it, open the cock ¢ in the
pipe € ; and the air being strongly compressed
in A, between the steam and the water therein,
will drive all the water out of the vessel 4, up
the pipe BC, from which it will fly up in a jet
to a very great height. In my fountain, which
is made in this manner after Mr. Blakey’s, three
tea-cup-fulls of water in the boiler will afford
steam enough to play a jet thirty feet high.

When all the water is out of the vessel A,
and the compressed air begins to follow the jet,
open the cocks b and d to let the steam out of
the boiler £ and vessel .4, and shut the cock e
to prevent any more steam from getting into A4 ;
and the air will rush into the vessel 4 through
the cock £, and the water through the valve a :
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and so the vessel will be filled with water, up to
the cock & as before. - Then shut the cock &,
and. the cocks ¢ and d, and open the cock e;
and then the next steam that rises in the boiler
will make its way into the vessel ./ again ; and
the operation will go on, as above. :

When all the water in the boiler is evaporated,
and gone off into steam, pour a little more into
the boiler, through the funnel G.

In order to make this engine raise water to
any gentleman’s house, if the house be on the
bank of a river, the pipe BC may be continued
up to the intended height, in the direction H 1.
Or, if the house be on the side or top of a hill,
at a distance from the river, the pipe, through
which the water is forced up, may be laid along
on the hill, from the river or spring to the house.

The boiler may be fed by a small pipe K,
from the water that rises in the main pipe
BCHI : the pipe K being of a very small bore,
so as to fill the funnel G with water in the time
that the boiler £ will require a fresh supply.
And then, by turning the cock d, the water will
fall from the funnel into the boiler. The fun-
nel should hold as much water as will about
half fill the boiler.

When either of these methods of raising wa-
ter, perpendicularly or obliquely, is used, there
will be no occasion for having the cock ¢ in the
main pipe BCHI : for such a cock is requisite
only when the engine is used as a fountain.

A contrivance may be very easily made, from
a lever to the cocks 0, d, and e; so that, by
pulling the lever, the cocks & and d may be
opened when the cock e must be shut ; and the
cock e be opened when 4 and d must be shut.

The boiler E should be inclosed in a brick Boiter.
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wall, at a little distance from it, all around ; to
give liberty for the flames of the fire under the
boiler to ascend round about it. By which
means (the wall not covering the funnel G) the
force of the steam will be prodigiously increas-
ed by the heat round the boiler ; and the funnel
and water in it will be heated from the boiler ;
so that the boiler will not be chilled by letting
cold water into it; and the rising of the steam
will be so much the quicker.

Mr. Blakey is the only person who ever
thought of making us of air as an intermediate
body between steam and water : by which means,
the steam is always kept from touching the wa-
ter, and consequently from being condensed by
it. And on this new principle he has obtained
a patent : so that no one (vary the engine how
he will) can make use of the air between steam
and water, without infringing on the patent, and
being subject to the penalties of the law.

This engine may be built for a trifling ex-
pence, in comparison of the common fire engine
now in use. It will seldom need repairs, and
will not consume half so much fuel. As it has
no pumps with pistons, it is clear of all their
friction : and the effect is equal to the whole
strength or compressive force of the steam;
which the effect of the common fire-engine ne-
ver is, on account of the great friction of the
pistons in their pumps.
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Archimedess screw-engine for raising water.

In Fig. 1 of Plate VI, ABCD is a wheel, archime-
which is turned round, according to the order dessscrew-
of the letters, by the fall of water EF, whiche:gmc' o
need not be more than three feet. The axle G F;Lgﬁfsupf
of the wheel is elevated so as to make an angle
of about 44° with the harizon ; and on the top
of that axle is a wheel H, which turns such ano-
ther wheel 7 of the same number of teeth : the
axle K of this last wheel being parallel to the
axle G of the two former wheels.

The axle G is cut into a double-threaded screw
{as in Fig. 2), exactly resembling the screw onFig. 2.
the axis of the fly of a common jack, which
must be (what is called) a right-handed screw,
like the wood-screws, if the first wheel turns in
the direction 4B CD ; but must be a left-handed
screw, if the stream turns the wheel the contrary
way. And, whichever way the screw on the
axle G be cut, the screw on the axle K must
be cut the contrary way; because these axles
turn in contrary directions. '

The screws being thus cut, they must be
covered close over with boards, like those of a
cylindrical cask ; and then they will be spiral
tubes. Or, they may be made of tubes of stift
leather, and wrapt round the axles in shallow
grooves cut therein, as in Fig. 3.

The lower end of the axle G turns constantly rig. 5.
in the stream that turns the wheel, and the lower
ends of the spiral tubes are open into the water ;
so that, as the wheel and axle are turned round,
the water rises in the spiral tubes, and runs out
at L, through the holes M N, as they come about
below the axle. These holes (of which there

Vol. 11 H
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may be any number, as four or six) are in a
broad close ring on the top of the axle, into
which ring the water is delivered from the up-
per open ends of the screw-tubes, and falls into
the open box N.

The lower end of the axle K turns on a
gudgeon, in the water in NV; and the spiral
tubes in that axle take up the water from NV,
and deliver it into such another box under the
top of K; on which there may be such another
wheel as Z, to turn a third axle by such a wheel
upon it. And in this manner, water may be
raised to any given height, when there is a
stream sufficient for that purpose to act on the
broad flpat-boards of the first wheel.?

3 As Mr. Ferguson has not explained the reason why
the water rises in the spirals of the screw engine, we hope
the reader will understand it from the following remarks.
When the screw B F, in Figure 3, Plate VI, is in a’ ver-
tical position, the spiral excavations will be inclined to the
horizon, and if a portion of water be introduced at the
top 4, it will descend to F, the bottom of the tube. If
the screw be in a horizontal position, and the water intro-
duced at B, it will fall to C, and remain there. But if the
screw be turned upon its axis from B towards 4, so that
the lowest point C of the tube may ascend to D, whilc the
point B is depressed to C, the water will, by its own gra-
vity, move from C to B, where it will be discharged :
So that water introduced into one extremity of the screw
engine, in a horizontal position, will be discharged at the
other. Now, let the end B, of the engine B £, be ele-
vated so as to be inclined to the horizon, and the same
effect will be produced : the water at € will rise towards
B, till the angle of inclination which the machine makes
with the horizon is equal to the angle formed by the
spirals with the axis of the engine. At this particular
angle the water will have as great a tendency to flow to-
wards D) as towards C, because the surface of the tube
betwegn these two points is parallel to the horizon ; but

' § at
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A quadruple pump-mill_for raising water.

This engine is represented on Plate VII, in Quadruple
which 4BCD is a wheel, turned by water ac-P*™P™!"
cording to the order of the letters. On the ho- ;’;;”V“’
rizontal axis are four small wheels, toothed al-
most half round : and the parts of their edges
on which there are no teeth are cut down so, as
to be even with the bottoms of the teeth where
they stand.

The teeth of these four wheels take alternate-
ly into the teeth of four racks, which hang by
two chains over the pulleys Q and Z; and to
the lower ends of these racks there are four iron
rods fixed, which go down into the four forcing
pumps, S, B, M, and N. And, as the wheels
turn, the rack and pump-rods are alternately
moved up and down.

Thus, suppose the wheel .G has pulled down

at a greater angle, the fluid will descend towards D, and
flow out at the extremity F. The ascension of the water,
therefore, in the Archimedean screw engine arises from its
tendency to occupy the lowest parts of the spiral, while
the rotatory motion withdraws this part of the spiral from
the fluid, and causes it to ascend to the top of the tube. By
wrapping a right angled triangle round a cylindrical pin, so
that the hypothenuse may form a spiral upon its surface, and
by attending to the position of the spirals at different angles
of inclination, the preceding observations will be easily
understood. In practice, the angle of inclination should
be about 50°, and the angle which the spirals form with
the axis should exceed the angle of the engine’s inclina-
tion by about 15°. The theory of this engine is treated
at great length by Hennert, in his Dissertation sur la vis
D’ Archimede, Berlin, 1767 ; and by Euler, in the Nowv.
Comment. Petrop. tom. v. Sec also Gregory’s Mechanics,
vol. ii, p. 343.—ELn.
He
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the rack 7, and drawn up the rack K by the
chain ; as the last tooth of G just leaves the
uppermost tooth of 7, the first tooth of H is
ready to take into the lowermost tooth of the
rack K, and pull it down as far as the teeth go ;
and then the rack 7 is pulled upward through
the whole space of its tecth, and the wheel G is
ready to take hold of it, and pull it down again,
and so draw up the other. In the same manner,
the wheels £ and F work the racks O and P.*

These four wheels are fixed on the axle of the
great wheel in such a manner, with respect to
the positions of their teeth, that while they con-
tinue turning round, there is never one instant of
time in which one or other of the pump-rods is
not going down, and forcing the water. So
that, in this engine, there is no occasion for
having a general air-vessel to all the pumps, to
procure a constant stream of water flowing from
the upper end of the main pipe.

The pistons of these pumps are solid plungers,
the same as described in Lecture fifth, volume
first.  See Plate X1, Fig. 4, with the description
of the figure.

From each of these pumps, near the lowest
end, in the water, there goes off a pipe, with a
valve on its farthest end from the pump; and
these ends of the pipes all enter one close box,
into which they deliver the water : and into this
box, the lower end of the main conduit-pipe is

4 For the proper form which must be given to the teeth
of the wheels and racks, in order to produce an equable
and uniform motion, see Appendix. This method of
moving the pistons is preferable to the crank motion em-
ployed in the engine which is represented in Plate XII,
Vel. i.—Ep. )

I






DIALING.
The éniversal Dialing Cylinder.

Universal IN Fig. 1, of Plate VIII, 4BCD represents a

fhaling <7~ cylindrical glass tube, closed at both ends with

piare  Drass plates, and having a wire or axis EFG

vi,  fixed in the centres of the brass plates at top

¥ig-1,5up.and bottom. This tube is fixed to a horizontal
board H, and its axis makes an angle with the
board equal to the angle of the earth’s axis with
the horizon of any given place, for which the
¢ylinder is to serve as a dial. And it must be
set with its axis parallel to the axis of the world
in that place; the end E pointing to the ele-
vated pole. Or, it may be made to move upon
a joint ; and then it may be elevated for any par-
ticular latitude. /

There are 24 straight lines, drawn with a dia-
mond, on the outside of the glass, equi-distant
from each other, and all of them parallel to the
axis. These are the hour-lines ; and the hours
are set to them as in the figure : the XII next B
stands for midnight, and the opposite XII, next
the board H, stands for mid-day or noon.

The axis being elevated to the latitude of the
place, and the foot-board set truly level, with the
black line along its middle in the plane of the
meridian, and the end IV toward the north ; the
axis £ FG will serve as a stile or gnomon, and
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cast a shadow on the hour of the day, among the
parallel hour-lines when the sun shines on the
machine, Yor, as the sun’s apparent diurnal
motion is equable in the hedvens, the shadow of
the axis will move equably in the tube ; and will
always fall upon that hour-line which is opposite
to the sun, at any given time.

The brass plate 4 D, at the top, is parallel to
the equator, and the axis £ FG is perpendicular
to it. If right lines be drawn from the centre of
this plate to the upper ends of the equi-distant
paralle]l lines on the outside of the tube ; these
right lines will be the hour-lines on the equi-
noctial dial 4D, at 15° distance from each
other : and the hour letters may be set to them,
as in the figure. Then, as the shadow of the
axis within the tube comes on the hour-lines of
that tube, it will cover the like hour-lines on
the equinoctial plate A4 D.

If a thin horizontal plate e f be put within the
tube, so as its edge may touch the tube all
around ; and right lines be drawn from the cen-
tre of the plate to these points of its edge which
are cut by the parallel hour-lines on the tube ;
these right-lines will be the hour-lines of a hori-
zontal dial, for the latitude to which the tube is
elevated. For, as the shadow of the axis comes
successively to the hour-lines of the tube, and
covers them, it will then cover the like hour-
lines on the horizontal plate ef, to which the
hours may be set, as in the figure.

If a thin vertical plate g C, be put within the
tube, so as to front the meridian, or 12 o’clock
line, thereof, and the edge of this plate touch
the tube all around : and then, if right lines be
drawn from the centre of the plate to those points
of its edge which are cut by the parallel hout-
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lines on the tube ; these right lines will be the
hour-lines of a vertical south dial ; and the sha-
dow of the axis will cover them at the same
times when it covers those of the tube.

If a thin plate be put within the tube so as to
decline, or incline, or recline, by any given num-
ber of degrees; and right lines be drawn from
its ‘centre to the hour-lines of the tube; these
right lines will be the hour-lines of a declining,
inclining, or reclining, dial, answering to the like
number of degrees, for the latitude to which the
tube is elevated.

And thus, by this simple.machine, all the prin-
ciples of dialing are made very plain and evi-
dent to the sight. And the axis of the tube
(which is parallel to the axis of the world in
every latitude to which it is elevated) is the stile
or gnomon for all the different kinds of sun-dials.

And, lastly, if the axis of the tube be drawn
out, with the plates 4D, ef, and g C upon it;
and set it up in sun-shine, in the same position
as they were in the tube ; you will have an equi-
noctial dial 4D, a horizontal dial e/, and a ver- .
tical south dial gC; on all which the time of
the day will be shewn by the shadow of the axis
or gnomon EFG.

Let us now suppose that, instead of a glass
tube, ABCD is a eylinder of wood, on which
the 24 parallel hour lines are drawn all around,
at equal distances from each other; and that,
from the points at top, where these lines end,
right lines are drawn toward the centre, on the
flat surface 4D : these right lines will be the
hour-lines on an equinoctial dial, for the latitude
of the place to which the cylinder is elevated
above the horizontal foot or pedestal H; and
they are equidistant from each other, as in Fig, 22

A
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which is a full view of the flat surface or top i .
AD of the cylinder, seen obliquely in Fig. 1.
And the axis of the cylinder (which is a straight
wire E F G all down its middle) is the stile or
gnomon, which is perpendicular to the plane

of the equinoctial dial, as the earth’s axis is per-
pendicular to the plane of the equator.

To make a horizontal dial, by the cylinder,
for any latitude to which its axis is elevated ;
draw out the axis and cut the cylinder quite
through, as at ehfg, parallel to the horizontal
board H, and take off the top part e4D fe; and
the section el fge will be of an elliptical form,
as in Fig. 3. Then, from the points of thisFig. s,
section (on the remaining part e B Cf), where
the parallel lines on the outside of the cylinder
meet it, draw right lines to the centre of the
section ; and they will be the true hour-lines for
a horizontal dial, as abcde in Fig. 3, which
may be included in a circle drawn on that sec-
tion. Then put the wire into its place again,
and it will be a stile for casting a shadow on the
time of the day, on that dial. So £ (Fig. 8) is
the stile of the horizontal dial, parallel to the
axis of the cylinder.

To make a vertical south dial by the cylinder,
draw out the axis, and cut the cylinder perpen-
dicularly to the horizontal board H, as at giCkg,
beginning at the hour-line (B ge.A) of XII, and
making the section at right angles to the line
SHN on the horizontal board. Then, take
off the upper part g4 D C, and the face of the
section thereon will be elliptical, as shewn in
Fig. 4. From the points in the edge of thisFig. 4.
section, where the parallel hour-lines on the
round surface of the cylinder meet it, draw right
lines to the centre of the section ; and they will
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be the true hour-lines on a vertical direct soutl
dial, for the latitude to which the cylinder was
elevated ; and will appear as in Fig. 4, on which
the vertical dial may be made of a circular shape,
or of a square shape, as represented in the figure ;
and F will be its stile parallel to the axis of the
cylinder.

And thus, by cutting the cylinder any way,
so as its section may either incline, or decline,
or recline, by any given number of degrees ; and
from those points in the edge of the section,
where the outside parallel hour-lines meet it,
draw right lines to the centre of the section ; and
they will be the true hour-lines for the like de-
clining, reclining, or inclining, dial :* and the
axis of the cylinder will always be the gnomon
or stile of the dial; for, whichever way the
plane of the dial lies, its stile (or the edge thereof
that casts the shadow on the hours of the day)
must be parallel to the earth’s axis, and point -
toward the elevated pole of the heaven.

&

To delineate a sun-dial on paper, which, when
Dpasted round a cylinder of wood, shall shew the
time of the day, the sun’s place in the ecliptic,
and his altitude, at any time of observation.

See Plate IX. Sup.

Draw the right line @ 4 B, parallel to the top
of the paper ; and with any convenient opening
of the compasses set one foot in the end of the
line at @, as a centre, and with the other foot
describe the quadrantal arc 4 E, and divide it
into 90 equal parts or degrees. Draw the right
line A4 C, at right angles to «4 B, and touching
the quadrant 4 £ at the point 4. Then, from the

a
2
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centre a, draw right lines through as many de-
grees of the quadrant as are equal to the sun’s
altitude at noon, on the longest day of the year,
at the place for which the dial is to serve ; which
altitude at London is 62 degrees : and continue
these right lines tilt they meet the tangent line
AC, and from these points of meeting, draw
straight lines across the paper, parallel to the
first right line 4 B, and they will be the paral-
lels of the sun’s altitude, in whole degrees, from
sun-rise till sun-set, on 2ll the days of the year.
~—These parallels of altitude must be drawn out
to the right line B.D, which must be parallel to
AC, and as far from it as is equal to the intend-
ed circumference of the cylinder on which the
paper is to be pasted, when the dial is drawn
upon it. .

~ Divide the space between the right lines 4 C
and B D (at top and bottom) into twelve equal
parts, for the twelve signs of the ecliptic ; and,
from mark to mark of these divisions at top and
bottom, draw right lines parallel to 4 C and
B D; and place the characters of the 12 signs
in these twelve spaces, at the bottom, as in the
figure : beginning with ¢ or Capricorn, and
ending with ) or Pisces. The spaces including
the signs should be divided by parallel lines into
halves ; and if the breadth will admit of it with-
out confusion, into quarters also.

At the top of the dial, make a scale of the
months and days of the year, so as the days may
stand over the sun’s place for each of them in
the signs of the ecliptic. The sun’s place, for
every day of the year, may be found by any
common ephemeris : and here it will be best to
make use of an ephemeris for the second year
after leap-year ; as the nearest means for the sun’s
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place on the days of the leap-year, and on those
of the first, second, and third year after.

Compute the sun’s altitude for every hour (in
the latitude of your place), when he is in the
beginning, middle, and end, of each sign of the
ecliptic ; his altitude at the end of each sign
being the same as at the beginning of the next.
And, in the upright parallel lines, at the begin-
ning and middle of each sign, make marks for
those computed altitudes among the horizontal
parallels of altitude, reckoning them downward,
according to the order of the numeral figures
set to them at the right hand, answering to the
like division of the quadrant at the lefr; and,
through these marks, draw the curve hour-lines,
and set the hours to them, as in the figure,
reckoning the forenoon hours downward, and
the afternoon hours upward. The sun’s altitude
should also be computed for the half hours; and
the quarter-lines may be drawn, very nearly in
their proper places, by estimation and accuracy
of the eye. Then, cut off the paper at the left
hand, on which the quadrant was drawn, close
by the right line 4C, and all the paper at the
right hand close by the right line B D); and cut
it also close by the top and bottom horizontal
lines ; and it will be fit for pasting round the
cylinder.

This cylinder is represented in miniature by
Fig. 1, Plate X. It should be hollow, to hold
the stile D /£ when it is not used. The crooked
end of the stile is put into a hole in the top 4D
of the cylinder ; and the top goes on tightish,
but must be made to turn round on the cylinder,
like the lid of a paper snuff box. The stile must
stand straight out, perpendicular to the side of
the cylinder, just over the right line 48 in
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Plate IX, where the parallels of the sun’s alti-Puarzix,
tude begin : and the length of the stile, or-dis- "
tance of its point e from the cylinder, must be

equal to the radius @ 4 of the quadrant 4 £ in

Plate IX. >

The method of using this dial is as_follow.—

Place the horizontal foot B C of the cylinder Prare X,
on a level table where the sun shines, and turn St R
the top 4 D till the stile stands just over the
day of the then present month. Then turn the
cylinder about on the table, till the shadow of
the stile falls upon it, parallel to those upright
lines, which divide the signs, that is, till the
shadow be parallel to a supposed axis in the
middle of the cylinder : and then, the point, or
lowest, end of the shadow, will fall upon the
time of the day, asit is before or after noon,
among the curve hour-lines; and will shew the
sun’s altitude at that time, among the cross pa-
rallels of his altitude, which go round the cylin-
der : and, at the same time, it will shew in what
sign of the ecliptic the sun then is, and you may

very nearly guess at the degree of the sign, by
" estimation of the eye.

The ninth plate, on which this dial is drawn,
may be cut out of the book; and pasted round a
cylinder whose length is 6 inches and 6 tenths of
an inch below the moveable top ; and its diameter
2 inches and 24 hundred parts of an inch.—Or,
I suppose the copper-plate prints of it may be
had of the booksellers in London. But it will
only do for London, and other places of the
same latitude.

‘When a level table cannot be had, the dial
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may be hung by the ring F at the top ; and when
it is not used, the wire that serves for a stile may
be drawn out, and put up within the cylinder;
and the machine carried in the pocket.

To make three Sun-dials upon three different
Dlanes, so as they may all shew the time of the
day by one gnomon.

On the flat board 4 B C, describe a horizontal
dial, according to any of the rules laid down in
the Lecture on Dialing ; and to it fix its gnomon
FG H, the edge of the shadow from the side
F G being that which shews the time of the day.

To this horizontal or flat board, join the up-
right board E D C, touching the edge G H of the
gnomon. Then, making the top of the gnomon
at G the centre of the vertical south dial, describe
a south dial on the board £ D C.

Lastly, on a circular plate 4 K describe an
equinoctial dial, all the hours of which dial are
equidistant from each other ; and making a slit
c d in that dial, from its edge to its centre, in the
XII o’clock line, put the said dial perpendicu-
larly on the gnomon F G, as far as the slit will
admit of ; and the triple dial will be finished ; the
same gnomon serving all the three, and shewing
the same time of the day on each of them,’

* This dial may be, converted into a portable and uni-
versal one by a very simple contrivance. Remove the stile
F HG and the dial X, and make £ D C turn upon H C
as a hinge, so that it may fold down upon A B, and thus
go into very small compass when mot used. Tix a silk
thread at £, and having divided the line G H continued,
into a line of tangents for the radius F /, make a small

hole
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An universal Dial on a plain cross.

This dial is represented by Fig. 1, of Plate Usiversal
¥I, and is moveable on a joint G, for elevating peare x1,
it to any given latitude, on the quadrant € 0 90, Fig- . Sup-
as it stands upon the horizontal board 4. The
arms of the cross stand at right angles to the
middle part ; and the top of it from & to =, is of
equal length with either of the arms n e or m k.

Having set the middle line ¢ to the latitude
of your place, on the quadrant, the board A
level, and the point N northward by the needle;
the plane of the cross will be parallel to the
plane of the equator; and the machine will be
rectified.

Then, from IIT o’clock in the morning, till
V1, the upper edge %/ of the arm i o will cast a
shadow on the time of the day on the side of the
arm c¢m - from VI till IX the lower edge 7 of
the arm 7 0 will cast a shadow on the hours on
the side 0¢g. From IX in the morning till XII
at noon, the edge « & of the top part a » will cast
a shadow on the hours on the arm nef: from
XII to IIT in the afternoon, the edge ¢ d of the
top part will cast a shadow on the hours on the

hole through the board at every degree of the line of tan-
gents. Extend the silk thread from F towards G, making
1t pass through the hole at the degree of the line of tan-
gents answerlng to the latitude of the place. The thread
will“then be the gnomon of the horizontal dial .7 B C,
which 1s set due south, by means of a small mariner’s com-
pass placed between F and H, allowance being made for
the variation. The vertical south dial £ C serves only for
a place, the tangent of whose latitude is equal to HG.
This dial is not altogether correct, but is remarkably con-
vemient for carrying 1n the pocket.—Eb.
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arm £Im: from III to VI in the evening the
edge g & wili cast a shadow on the hours on the
part ps; and from VI till IX, the shadow of
the edge e f will shew the time on the top part
an.

The breadth of each part al, ef, &c. must
be so great as never to let the shadow fall quite
without the part or arm on which the hours are
marked, when the sun is at his greatest declina-
tion from the equator.

To determine the breadth of the sides of the
arms which contain the hours, so as to be in just
proportion to their length, make an angle 4 B8 €
(Fig. 2) of 231°, which is equal to the sun’s
greatest declination: and suppose the length of
each arm, from the side of the long middle part,
and also the length of the top part above the
arms, to be equal to B d.

Then, as the edges of the shadow from each
of the arms, will be parallel to B 0, making
an angle of 28%° with the side Bn of the
arm when the sun’s declination 1s 231°; it is
plain, ‘that if the length of the arm be Bn,
the least breadth that it can have, to keep the
edge B o of the shadow Bogd from going off
the side of the arm no before it comes to the
end o n thereof, must be equal to on or dB.
But in order to keep the shadow within the quar-
ter divisions of the hours, when it comes near
the end of the arm, the breadth thereof should
be still greater, so as to be almost doubled, on
account of the distance between the tips of :the
arms.

"To place the hours right on the arms, take the
following method.—

Lay down the cross a b cd (Fig. 3) on a sheet
of paper; and with a black lead pencil, held
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close to it, draw its shape and size on the paper.
Then, taking the length a e in your compasses,
and setting one foot in the corner a, with' the
other foot describe the quadrantal arc e fi—Di-
vide this arc into six equal parts, and through
the division marks draw right lines a g, a %, &c.
continuing three of them to the arm ce, which
are all that can-fall upon it; and they will meet
the arm in these points through which the lines
that divide the hours from each other (as in Fig.
1) are to be drawn right across it.

Divide each arm, for the three hours it con-
tains in the same manner ; and set the hours to
their proper places (on the sides of the arms), as
they are marked in Fig. 8. Each of the hour
spaces should be divided into four equal parts,
for the half hours and quarters, in the quadrant
ef; and right lines 'should be drawn through
these division marks in the quadrant, to the arms
of the cross, in order to determine the places
thereon where the sub-divisions of the hours
must be marked.

This is a very simple kind of universal dial ;
it is very easily made, and will have a pretty un-
common appearance in a garden.—I have seen a
dial of this sort, but never saw one of the kind
that follows.

Vol. I1. i
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An universal Dial, shewing the hours of the day
by a terrestrial globe, and by the shadows of
several gnomons at the same time.: toget/zer
with all the places of the earth which are then
enlightened by the sun ;' and those towhich the
sun is: then rising, or on the meridian, or set-
‘ting. '

This dial (See Plate XIL) is made of a thick
square piece of wood, or hollow metal. The
sides are cut into semicircular hollows, in which
the hours are placed ; the. stile of each hollow
coming out from the bottom thereof, as far as
the ends of the hollows project. The corners
are cut out into angles, in the insides of which,
the hours are also marked ; and the edge of the
end of each side of the angle serves as a stile
for casting a shadow on the hours marked on the
other side. ‘

In the middle of the uppermost side or plane,
there is an equinoctial dial : in the centre where-
of an upright wire is fixed, for casting a shadow
on the hours of that dial, and supporting a small
terrestrial globe on its top.

The whole dial stands on a pillar, in the middle
of a round horizontal board, in which there is a
compass and magnetic needle, for placing the
meridian stile toward the south. The pillar has
a joint with a quadrant upon it, divided into QO
degrees (supposed to be hid from sight under the
dial in the figure), for setting it to the latitude of
any given place, the same way as already describ-
ed in the dial on the cross.

The equator of the globe is divided into 24
equal parts, and the hours are laid down upon
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it at these parts. The time of the day may be
known by these hours, when the sun shines upon
the globe. . :

To rectify and use this dial, set it on a level
table, or sole of a window, where the sun shines,

lacing the meridian stile due south, by means

of the needle ; which will be, when the needle
points as far from the north fleur-de-lis toward
the west, as it declines westward, at your place.”
Then bend the pillar in the joint, till the black
line on the pillar comes to the latitude of your
place in the quadrant.

The machine being thus rectified, the plane
of its dial-part will be parallel to the equator,
the wire or axis that supports the globe will be
parallel to the earth’s axis, and the north pole of
the globe will point toward the north pole of the
heaven.

The same hour will then be shewn in several
of the hollows, by the ends of the shadows of
their respective stiles. The axis of the globe
will cast a shadow on the same hotr of the day,
in the equinoctial dial, in the centre of which
it'is placed, from the 20" of March to the 22¢
of September ; and, if the meridian of your place
on the globe be set even with the meridian stile,
all the parts of the globe that the sun shines
upon, will answer to those places of the real
earth which are then enlightened by the sun.
The places where the shade is just coming upon
the globe, answer all to those places of the earth
to which the sun is then setting ; as the places

* As the declination of the needle is very uncertain, and
varies even at the same place, the dial should be rectified
by means of a meridian line, drawn upon the side of the
window.—Eo.

. 12
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where it is going off, and the light coming o,
answer to all those places of the earth where the
sun is then rising. And, lastly, if the hour of
VI be marked on the equator in the meridian
of your place (as it is marked on the meridian
of London in the figure), the division of the
light and shade on the globe will shew the time
of the day. .

The northern stile of the dial (opposite to the
southern or meridian one) is hid from sight in
the figure, by the axis of the globe. The hours
in the hollow to which that stile belongs, are also
supposed to be hid by the oblique view of the
figure ; but they are the same as the hours in
the front hollow. Those also in the right and
left hand semicircular hollows are mostly hid
from sight ; and so also are all those on the sides
next the eye of the four acute angles.

The construction of this dial is as follows. See
Plate XIII

On a thick square piece of wood, or metal,
draw the lines a ¢ and & d, as far from each other
as you intend for the thickness of the stile a b ¢ d,
and in the same manner, draw the like thickness
of the other three stiles, e fg k, i £1m, and nopg,
all standing outright as from the centre.

With any convenient opening of the com-
passes, as a 4 (so as to leave proper strength
of stuff when K I is equal to a .4) set one foot
in a, as a centre, and with the other foot de- -
scribe the quadrantal arc 4c. Then, without
altering the compasses, set one footin & as a
centre, and with the other foot describe the
quadrant d B. All the other quadrants in the
figure must be described in the same manner,
and with the same opening of the compasses,
on their centrese, f; i, £; and 7, 0 : and each
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quadrant divided into six equal parts, for so many
hours, as in the figure; each of which parts
must be subdivided into four, for the half houts
and quarters. 3T

At equal distances from each corner, draw the
right lines /pand Kp, L ¢ and Mfg, Nr, and
Or, Ps, and Qs; to form the four angular
hollows Ip K, LgM, NrO, and Ps Q- mak-
ing the distances between the tips of the hol-
lows, as K, LM, NO, and PQ, each equal to
the radius of the quadrants; and leaving suffi-
cient room within the angular points, p, ¢, r,
and s, for the equinoctial circle in the middle.

To divide the insides of these angles properly
for the hour-spaces thereon, take the following
method.

Set one foot of the compasses in the point 7,
as a centre ; and open the other to X, and with
that opening describe the arc K¢ : then, with-
out altering the compasses, set one foot in K,
and with the other foot describe the arc 7t. Di-
vide each of these arcs, from [/ and X to their
intersection at #, into four equal parts ; and from
their centres J and K, through the points of di-
vision, draw the right lines 138, 14, 15, I6,
I7; and K2, K1, K12, K11; and they will
meet the sides Kp and 7p of the angle Ip K
where the hours thereon must be placed. And
these hour-spaces in the arcs must be subdivid-
ed into four equal parts, for the half hours and
quarters. Do the like for the other three angles,
and draw the dotted lines, and set the hours
in the insides where those lines meet them, as in
the figure : and the like hour-lines will be paral-
lel to each other in all the quadrants and in the
angles. -

Mark points for all these hours, on the upper
13



134 DIALING.

side, and cut out all the angular hollows, and
the quadrantal ones, quite through the places
where their four gnomons must stand, and lay

down the hours on their insides, as in Plate XII

~and then set in their four gnomons, which must
be as broad- as the dial is thick ; and this breadth
and thickness must be large enough to keep the
shadows of the gnomons from ever falling quite
out at the sides of the hollows, even when the
sun’s declination is at the greatest.

Lastly, draw the equinoctial dial in the middle,
all the hours of which are equidistant from each
other ; and the dial will be finished.,

As the sun goes round, the broad end of the
shadow of the stile abcd will shew the hours
in the quadrant 4 ¢, from sun-rise till VI in the
morning ; the shadow from the end A will shew
the hours on the side L ¢ from V to IX in the
morning ; the shadow of the stile efg# in the
quadrant D g (in_the long days) will shew the
hours from sun-rise till V1 in the morning ; and
the shadow of the end [V will shew the morning
hours, on the side Or, from III to VII.

Just as the shadow of the northern stile a £ ¢ d
goes off the quadrant A c, the shadow of the
southern stile 7£/m begins to fall within the
quadrant F 1, at Vlin the morning; and shews
the time, in that quadrant, from VI dll XII at
noon ; and from noon till VI in the evening in
the quadrant = E. And the shadow of the end
O shews the time from XI in the forenoon till
HI in the afternoon, on the side » N ; as the
shadow of the end P shews the time from IX in
the morning till I o’clock in the afternoon, on
the sides Q s.

At noon, when the shadow of the eastern stile
ef gk goes off the quadrant £ C (in which it
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shewed the timé from six in the moring 4ill
noon, 'as it did -in ‘the quadrant g D from sun-
rise till VI in the morning (the shadow of the
western stilé n o p ¢ begins to enter the quadrant
Hp ; and shews the houts thereon from XI1I at
noon till VI‘in the evenifig ; and ‘after tha: till
sun-set, in' the quadrant ¢ G ; and the'end Q
casts a shadow on the side Ps from V i the
evening till IX at night, if the sun be not set be-
fore that time. ,

The shadow of the end I shews the time on
the side X pfrom I1I till VII in the afternoon ;
and the shadow of the stile a b cd shews. the
time from VI in the evening till the sun sets.

The shadow of the upright central wire, that
supports the globe at top, shews the time of the
day, in the middle or equinoctial dial, all the
summer half year, when the sun is on the north
side of the equator.

In-this Supplement to my book of Lectures,
all the machines that I have added to my appar-
atus, since that book was printed, are described,
excepting two ; one of which is a model of a
mill for sawing timber, and the other is a model
of the great engine at London bridge, for raising
water. And my reasons for leaving them out are
as follows.

First, I found it impossible to make such a
drawing of the saw-mill as could be understood ;
because in whatever view it be taken, a great
many parts of it hid others from sight. And, in
order to shew it in my Lectures, I am obliged to
turn it into all manner of positions.?

3 For the plan and elevation of a Saw-mill, see Gray’s
Experienced Mill-wright, lately published, p. 68. For the
method
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Secondly, because any person who looks on
Fig. 1 of Plate XII in the book, and reads the
account of it in the fifth Lecture therein, will
be able to form a very good idea of the London-
bridge engine, which has only two wheels and
two trundles more than there are in Mr. Alder-
sea’s engine, from iwhich-the said figure was
taken. <

method of constructing one, see Walfii Opera Mathematica,
tom. i, 'p. 604, and Boecklerus’s Theatrum Machinarum,
An excellent saw-mill was invented by Mr. James Stan-
field, in the year 1765, for which he received a reward of
one hundred pounds from the society for the encourage-
ment of arts. ‘The original mill which Mr. Stanfield con-
structed, was worked for five successive years, in conse-
quence of successive premiums offered and paid by the so-
ciety, amounting, in all, to two hundred and twenty pounds.
A description of this machine,illustrated by five folio plates,
will be found in Bailey’s Designs of Machines, &c. approved
and adopted by the socicty for the encouragement of arts, val. i,
P: 137.—ED- . ¢ E (LR
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treaties which are to be met with, they are left
in the dark to be directed by their own judg-
ment, in the most important parts of the con-
struction. In the preceding lectures, Mr. Fer-
guson has given some useful directions for the
construction of corn mills; but as these are too
limited to be of extensive utility, we shall en-
deavour to supply the defect, by treating this
important subject at considerable length. Let us
begin, then, by shewing the method of eonstruct-
ing the mill course, and delivering the water on
the wheel.

On the construction of the Mill Course.

onthemill  As it is of the highest importance to have the

course.

PiaTe
App.

height of the fall as great as possible, the bot-
tom of the canal, or dam, which conducts the
water from the river, should have a very small
declivity ; for the height of the water-fall will
diminish in proportion as the declivity of the
canal is increased. On this account, it will be
sufficient to make' 4 B (Fig. 1) slope about one
inch in 200 yards, taking care to make the de-
clivity about half an inch for the first 48 yards,
in order that the water may have a velocity suffi-
cient to prevent it from flowing back into the
river. The inclination of the fall, represented
by the angle G C R, should be 25° 50'; or C R,
the radius, should be to G R the tangent of this
angle, as 100 to 48, or as 25 to 12; and since
the surface of'the water S0 is bent from ab
into ac, before it is precipitated down the fall, it
will be necessary to incurvate the upper part
B C D of the course into B D, that the water
at the bottom may move parallel to the water at
3
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the top of the stream. For this purpose, take
the points B, D, about 12 inches distant from C,
and raise the perpendiculars B £, D E : the
point of intersection £ will be the centre from
which the arch ' B D is to be described ; the ra-
dius being about 10} inches. Now, in order
that the water may act more advantageously up-
on the float-boards of the wheel 27 /7, it must
assume a horizontal direction H K, with the same
velocity which it would have acquired when it
came to the point G : But, in*falling from C to
G, the water will dash upon the horizontal part
H G, and thus lose a great part of its velocity ;
it will be proper, therefore, to make it move
along F H an arch of a circle to which D F and
K H are tangents in the points F' and H. For
this purpose make G F and G H each equal to
three feet, and raise the perpendiculars 4 7, F I,
which will intersect one another in the point 7
distant about 4 feet 9 inches and 4-10™ from
the points F, and H, and the centre of the arch
F H will be determined. The distance H K,
through which the water runs before it acts up-
on the wheel, should not be less than two or
three feet, in order that the different portions of
the fluid may have obtained a horizontal direc-
tion : and if HK be much larger, the velocity
of the stream would be diminished by its fric--
tion on the bottom of the course. That no
water may escape between the bottom of the
course K A and the extremities of the float-
boards, X L should be about 3 inches, and the
extremity o of the float-board 7o should be be-
neath the line H K X, sufficient room being left
between o and M for the play of the wheel, or
K L M may be formed into the arch of a circle
K M concentric with the wheel. The line LMV,

L 5 |
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called by M. Fabre, the course of impulsion (le
coursicr d’impulsion) should be prolonged, so
as to support the water as long as it can act up-
on the float-boards, and should be about 9 inches
distant from O P, a horizontal line passing through
O the lowest point of the fall ; for if O L were
much less than 9 inches, the water having spent
the greater part of its force in impelling the
float-boards, would accumulate below the wheel
and retard its motion. For the same reason,
another course, which is called by M. Falre, the
course of discharge (le coursier de decharge)
should be connected with L M I, by the curve
F N, to preserve the remaining velocity of the
water, which would otherwise be destroyed by
falling perpendicularly from »"to N. The course
of discharge is represented by /"Z, sloping from
the point O. It should be about 16 yards long,
having an inch of declivity in every two yards.
The canal which reconducts the water from the
course of discharge to the river, should slope
about 4 inches in the first*200 yards, 3 inches
in the second 200 yards, decreasing gradually
till it terminates in the river. DBut if the river
to which the water is conveyed, should, when
swoln by the rains, force the water back upon
the wheel, the canal must have a greater decli-
" vity, in order to prevent this from taking place.
Hence it will be evident, that very accurate level-
ling is necessary for the proper formation of the
mill course.
In order to find the breadth of the course of
discharge, multiply the quantity of water ex-
pended in a second,’ measured in cubic feet, by

L The quantity of water expended in a second may be

found pretty accurately by meacuring the depth of the wa-
, ter
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756, for a first number. Multiply the square
root of d K (dK being found by subtracting
O K or P R, each equal to a foot, from dO or
b R, the height of the fall) by O L, or 4 of a
foot, and also by 1000, and the product will
be a second number. Divide the first number
by the second, and the quotient will be nearly
the least breadth of the course of discharge. If
the breadth of the course, thus found, should
be too great or too small, the point L has been
placed too far from O or too near it. Increase,
therefore, or diminish O L; and having sub-
tracted from d O or b P, the quantity by which
OK is greater or less than a foot, repeat the
operation with this new value of 4 K, and a more
convenient answer will be founds The preced-
ing rule will give too large a breadth to the
course, when the expence of water is great, and
the height of the fall inconsiderable. But the
course of discharge ought always to have a very
considerable breadth, and which should be greater
than that of the course of impulsion, that the water
having room to spread, may have less depth ; and
that a greater height may be procurcd to the fall,
by making O L, and consequently O K, as small as
possible ; for the breadth of the course is inversely
as O L, that is, it increases as O L diminishes,
and diminishes as it increases. The reader may

ter.at a, (4 B, the bottom of the canal, being nearly
horizontal, and its sides perpendicular), and the breadth
of the canal at the same place. Take the cube of the.
glcpth of the water in feet, and extract the square root of
it.  Multiply this root by the breadth of the canal, and
also by 507. Divide the product by 100, and the quo-
tient will be the expence onatcr in a second, measured in
cubic feet. This rule is founded on the formula, x=5.07,

bde"; where x is the quantity of water expended in 2
sccond, & the breadth of the canal, and d its depth.
E
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suppose that this rule still leaves us to guess at
the breadth of the course of discharge; but,
from the purposes for which it is used, it is easy
to know when it*is excessively large or small ;
and it is only when this is the case; that we have
any occasion to seek for another breadth, by tak-
ing a new value of O L.

- The section of the fluid at K should be rect-
angular, the breadth of the stream having a de-
terminate relation to its depth. If there is very
much water, the breadth should be triple the
depth ; if there is a moderate quantity, the
breadth should be dowble the depth; and, if
there is very little water, the breadth and depth
should be equal. That this relation may be pre-
served, the course at the point K must have a
certain breadth, which may be thus found :—
Divide the square-root of d K (found as before)
by the quantity of water expended in a second,
and extract the square-root of the quotient.
Multiply this root by .623, if the breadth is to
be triple the depth ; by .515, if it is to be double;
and by .864, if they are to be equal, and the
product will be the breadth of the course at K.
"The depth of the water at Kis therefore known;
being either one third, or one half of the breadth
of the course, or equal to it, according to the

- quantity of water furnished by the stream.

In Fig. 1, b P is called the absolute fall, which
is found by levelling. Draw the horizontal lines
bd, PO; d O will thus be equal to 4P, and
will likewise be the absolute fall. The relative full
is the distance of the point d from the surface
of the water at K, when the depth of.the water

‘Is considerably less than d K, but is reckoned

from the middle of the water at K, when d K is
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very small.* The relative fall, therefore, may
be determined by subtracting O K, which is ge-
nerally a foot, from the absolute fall ¢ O, and
by subtracting also either the whole, . ar one half
of the natural depth of the water at K, accord-
ing as d K is great or small in proportion to. this
depth. : :

The next thing to be determined, is the Breadth of

breadth of the course at the top of the fall B, the course
and the breadth of the canal at the same -place. of the fafl.
To find this ; multiply the quantity of water ex-
pended in a second by 100, for a first number ;
take such a quantity as you would wish, for the
depth of the water, and, having cubed it, ex-
tract its square-root, and multiply this root by
507, for a second number ; divide the first num-
ber by the second, and the quotient will be the
breadth required. The breadth, thus found, may
be too great or too small in relation to the depth.
If this be the case, take one half of the breadth,
thus found, and add to it the number taken for
the depth of the water ; the sum will be the true
depth, with which the operation is to be repeat-
ed, and the new result will be better proportion-
ed than the first. , '

The mill-course being thus constructed, we Quantityof
may now find more exactly the quantity of wa. ¥z fur-
ter furnished in a second. For this purpose, second.
subtract one half the depth of the water at K
from'd K, and having multiplied the remainder

* The depth of the water, here alluded to, is its natural
depth, or that which it would have if it did not meet the
float-boards. The effective depth is generally two and a
half times the natural depth, and is occasioned by the im-
pulse of the water on the float-boards, which forces it to
swell, and increascs its action upon the wheel.

Vol. 11. K
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by .5719, extract the square root of the pro-
duct. Muinply this root by the breadth of the
course at K multiplied into- the depth of the wa-
ter there, and the result will be the true ex-
pence of the source in cubic feer.

In order to know whether the water will have
sufficient force to move the least millstone which
should be employed, namely, a millstone weigh-
ing, along with its axis and trundle, 1550
pounds avoirdupois, take the relative fall increas-
ed by one half the natural depth of the water at
K, viz. dK, and multiply it by the expence of
the source in cubic feet ; if the product is 82.95,

_or above it, the machine will move without in-

terruption. If the product be less than this
number, the weight of the millstone ought to be
less than 1550 pounds, and the meal ‘will not
be ground sufficiently fine ; for the resistance of
the grain will bear up the millstone, and allow
the meal to escape before it is completely ground.
Asit is of great consequence that none of the
water should escape, either below the float-boards,
or at their sides, without contributing to turn
the wheel, the course of impulsion, K7 should
be wider than the course at K, as represented in

App Fxg 1 Fig. 2, where CD, the course of impulsion, cor-

responds with LV in Fig. 1, AB corresponds
with HK, and BC with KL. '_I‘he breadth of the
ﬂoat_-boards, therefore, should be wider than m n,
and their extremities should reach a little below
B, like no in Fig, 1. When this precaution is
taken, no water can escape, without exerting its

-force upon the ﬁoat-boa.rds

3 That is, by the area of the rectangular section of the
stream at K.
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e

On the size of the water wheel, and on the number,
magnitude, and position, of its float-boards.

The diameter of the wheel should be as greatsize of tne
as possible, unless some particular circumstances "+
in the construction prevent it ; but ought never to
be less than seven times the natural depth of the
stream at K, the bottom of the course.* It has
been much disputed among philosophers, whe-
ther the wheel should be furnished with a small
or a great number of float-boards. M. Pitot has
shewn, that when the float-boards have different
degrees of obliquity, the force of impulsion upon
the different surfaces will be reciprocally as their
breadth : thus, in Fig. 3, the force upon % e will Prare 1.
be to the force upon DO as DO to he.’ Hethere-
fore concludes, that the distance between the Number of
float-boards should be equal to one half of thefet-beards
arch plunged in the stream, or that, when one iSto Pitor -
at the bottom of the wheel, and perpendicular
to the current, as DE, the preceding float-board
BC should be leaving the stream, and the suc-
ceeding one FG just entering into it.° For,
when the three float-boards FG, DE, BC, have
the same position as in the figure, the whole force
of the current NM will act upon DE, having the
most advantageous position for receiving it :

4 The diameter here meant is double the mean radius, or
the distance between the centre of the wheel and the middle
of the natural stream, which impels it, or what is called the
centre of impulsion.. By adding or subtracting the half of
the stream’s natural depth, to or from the mean radius, we
have the exterior and interior radius of the wheel,

5 See Traite d'Hydrodynamique, § 771.

¢ Mem. de ’Acad, Panis. 1729, 8™, p. 350.

K2
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whereas, if another float-board d e were inserted
between FG and DE, the part i g would cover
DO, and, by thus substituting an oblique for a
perpendicular surface, the effect would be dimi-
nished in the proportion of DO toig, Upon
this principle it is evident, that the depth of the
float-board DE should always be equal to the
versed sine of the arch between any two float-
boards, DE being the versed sine of EG. For
the use of those who mady wish to follow M. Pitot,
though we are of opinion that he recommends
too small a number of floats, we have calculated
the following table upon the above principles.
It exhibits the proper diameter of water wheels,
the number of float-boards they should con-
tain, and the size of the float-boards, when any
two of these quantities are given. According to
M. Pitot, the proper relation between these is of
so great importance, that if a water wheel, 16
feet diameter, with its float-boards three feet deep,
should have nine instead of seven, one twelfth of
the whole force of impulsion would be lost.”

7 Desaguliers has adopted the rule given by Pitot. See
his Experimental Philosophy, vol. ii, p. 424. o
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In order to find from the preceding table the
number of float-boards for a wheel 20 feet in dia-
meter, (the diameter of the wheel being reckon-
ed from the extremity of the float-boards), their
depth being two feet;—enter the left hand column
with. the number 20, and the top of the table
with the number 2, and in a line with these num-
bers will be found 10, the number of float-boards
which such a wheel would require.

- As the numbers representing the depths of
the float-boards, and the diameter of the wheel,
increase more rapidly than the numbers in the
other columns, the preceding table will not shew
us with accuracy the diameter of the'wheel when,
the number and depth of the float-boards are
given ; ten float-boards, for example, two feet
deep, answering to a wheel either 19, 20, 21,
22, or 23 feet diameter. This defect, however,
may be supplied by the following method.—Di-
vide 360 degrees by the number of float-boards,
and the quotient will be the arch between each.
Find the natural versed sine of this arch, and say,
as 1000 is to this versed sine, so is the wheel’s
radius to the depth of the float-boards; and to
find the diameter of the wheel, say, as the above
versed sine is to 1000, so is the depth of the
float-boards to the wheel’s radius.

Therle ~ We have already said, that the number of
of Pitor in- foathoards found by the preceding table is too
small. Let us attend to this point, as it is of con-
siderable importance. . It is evident from Fig. 3,
that when one of the floats, as DE, is perpendi-
Puire . cular to the stream, it receives the whole'im-
Fig:3 pulse of the water in the most advantageous
manner ; but when it arrives at the position de,
and the succeeding one FG into the position fg,
so that the angle ¢4 g may be bisected by the
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perpendicular 4E, they will have the most dis-
advantageous situation ; for a great part of the
water will escape below the extremities g and e,
of the float-boards, without having any effect up-
on the wheel ; and the part i g of the float-board,
which is really impelled, is less than DE, and
oblique to the current. The wheel, therefore,
must move irregularly, sometimes quick, and
sometimes slow, according to the position of the
floats with respect to the stream; and this in-
equality will increase with the arch plunged in
the water. M. Pitot proceeds upon the supposi-
tion, that if another float f'g, were placed be-
tween FG and DE, it would destroy the force of
the water that impels it, and cover the corre-
sponding part DO of the preceding float-board.
But this is not the case. The water, after acting
upon f'g, still retains a part of its motion, and
bending round the extremity g, strikes DE with
its remaining force. Considerable advantage,
therefore, must be gained by using more float-
boards that M. Pitot recommends.®
M. Bossut® has shewn, that when the wheel Number of

. . float-boards
has an uniform velocity, the most advantageous ctiine

_ to Bossut.

® In Mr. Smeaton’s experiments, the water wheel, which
was 25 inches in diameter, had 24 floats ; and he observes,
¢ that, when the number was reduced to 12, it caused a
¢ diminution of the effect, on account of a greater quan-
¢ tity of water escaping between the floats and the floor ;
¢ but a circular sweep being adapted thereto, of such a
¢ length, that one float entered the course before the pre-
¢ ceding one quitted it, the effect came so near to the form-
¢ er, as not to give hopes of advancing it by increasing
¢ the number of floats beyond 24 in this particular wheel.”
Smeaton’s Experimental Enquiry, p. 24 ; or, Phil. Trans.
1759, v. 51.
' * Traite d’Hydrodymamique, notes on chap. x ; also

778«
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number of floats is determined. Having fixed
upon the radius and velocity of the wheel, and
on the portion of its circumference that ought to
be plunged in the'stream, he imagines the wheel
to have different numbers of float-boards, and
then computes the momentum of the water a-
gainst all the parts of those that are immersed.
The number of float-boards which gives the
greatest momentum should be adopted as the
most advantageous. When the velocity of the
stream was thrice that of the wheel, and when
%72 degrees of the circumference were immersed,
Bossut found that the number of float-boards
should be 86. When a greatér arch is plunged
in the stream, the velocity continuing the same,
the number should be increased, and vice versa.
This rule, however, is too difficult to be of use
to the practical mechanic. From what has been
said, it is evident, that in order to remove any
inequality of motion in the wheel, and prevent
the water from escaping beneath the tips of the
float-boards, the wheel should be furnished with
the greatest number of float-boards possible, with-
out loading it, or weakening the rim on which
they are placed.' This rule was first given by
Dupetit Vandin,* and afterwards by M. Fabre,*
and it is not difficult to see, that if the millwright

:should err in furnishing the wheel with too many

float-boards, the error will be perfectly trifling, and

‘that he would lose much more by erring on the

other side. The float-boards should not be rectan-

* Brisson (Traite Elementaire de Physique) observes,
that there should be 48 floats, instead of 40, as generally
used in a wheel 20 feet in diameter.

* Mem. des Savans Etrangers, tom. i.

3 Sur les Machines Hydrauliques, p. 55, N° 103
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gular, like a b ¢ in Fig. 8, but should be bevelled Fig. 3.
like ahme. Forif they were rectangular, the ex-
tremity & » would interrupt a portion of the water,
which would otherwise fall on the corresponding
part of the preceding float-board. Theangle abm
may be found thus.—Subtract from 180° the
number of degrees contained in the immersed
arch CEG, and the half of the remainder will be

the angle required. It has been already observ-

ed, that the effective depth of the water at K
(Fig. 1) is generally two and a half times greater
than the natural depth. The height DE, there-
fore, of the flogt-boards should be two and a
half fimes the natural depth of the current at K, Fg. 1.
The breadth of the float-boards should always be

a little greater than the breadth of the course at

K, the method of finding which has been already
pointed out.

M. Pitot has shewn,* that the float-boards Inclination
should be perpendicular to the rim, or, in other;i:ff
words, a continuation of the radius. This, in- boards.
deed,. is true in theory, but it appears from the
most unquestionable experiments, that they
should be inclined to the radius. This was dis-
covered by Deparcieux, in 1753, (not in 1759,
as Fabre asserts), who shews, that the water will
thus heap up on the float-boards, and act, not
only by its impulse, but also by its weight.s
This discovery has been confirmed also by the
Abbe Bossut,® who found, that when the velo-
city of the water is about %22 of a foot, or 11 feet

27

per second, the inclination of the float-board to

¢ Mem. Acad. Royale 1729, 8, p. 350.
g Mcx_n. de PAcad. 1754, 4, p. 614, 8, p. 944.
¢ Traite ’Hydrodynamique, § 814 and § 817.
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the radius should be between 15 and 30 degrees.
M. Fabre, however, is of opinion, that when the
velocity of the stream is 11 feet per second, or
above this, the inclination should never be less
than. 30 degrees; that when this velocity dimi-
nishes, the inclination should diminish in propor-
tion ; and that when it is four feet, or under, the
inclination should be nothing. .In order to find
the inclination for wheels of different radii, let
A H (Fig. 8) be the radius, bisect. P H, the
height of the float-board, in 7, and having drawn
PI% perpendicular to PA, set off PK equal to
P, and join HK; HK wil] be the position of
the float-board inclined to the radius 4 H by the
angle KHP. This construction supposes the

-greatest value of the angle KHP to be 26° 34",

Size of the
spur wheel,

On the formation of the spur wheel and trundle.

The radius of the spur wheel is found by
multiplying the mean radius of the water-wheel
by that of the lantern, which may be of any
size, and also by the number of turns, which the
spindle or axis of the lantern performs in a se-
cond,” and then by the number 2.151. This
product being divided by the square-root of the
relative fall, the quotient will be the radius re-
quired.. The number of teeth in the wheel

.should be to the number of staves in the trundle

Number of
teeth in the
wheel and
trundle.

as their respective radii. In order to find the

A

7 The method of determining the velocity of the spin-
dle, or the mill-stone, will be afterwards pointed out.
The axis of the lantern should, in general, make about
00 turns 1n a minute.

i
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exact number, take the proper diameter of the
teeth and the staves, which ought to be two and
a half inches each in common machines, and de-
termine also how much is to be allowed for the
play of the teeth, which should be about twe
and a half tenths of an inch; add these three
numbers, and divide by this sum the mean cir-
cumference of the spur wheel,® the quotient will
be nearly the number of teeth in the wheel.
Let us call this quotient x, to avoid circumlocu-
tion. Multiply « by the mean radius of the
trundle, and divide the product by the radius of
the spur wheel. If the quotient is a whole num-
ber, it will be the exact number of staves in the
trundle, and z, if it were an integer, will be the
exact number of teeth in the wheel. But should
the quotient be a *mixed number, diminish the
integer, which may still be called z, by the num-
bers 1, 2, 3, &c. successively, and at every di-
minution, multiply x, thus diminished, by the
radius of the trundle, and divide the product by
the radius of the wheel. If any of these opera-
tions give a quotient without a remainder, this
quotient will be the number of staves in the
trundle, and z, diminished by one or more units,
will be the number of tecth in the wheel. Thus
let the radius of the trundle be one foot, that of
the wheel four feet, the thickness of the teeth
and the staves two and a half inches, or 32, of a
foot, and the space for the play of the teeth two
and a half tenths of an inch, or —3—; the sum-of

144

the three quantities will be -2 or % of a foot ;

and 25 feet, or 225 of a foot, the circumference

# The mean radius is reckoned from the centre of the
» wheel to the centre of the teeth.
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of the wheel, divided by % will give 2524, or
57%% feet.  Multiply the integer x or 57 by 1,
the radius of the lantern; but as the product 57
will not divide by 4, the radius of the wheel,
let us diminish &, or 57, by unity, and the re-
mainder 56 being multiplied by 1, the radius of
the trundle, and divided by four, the radius of
the wheel, gives 14 without a remainder, which,
therefore, will be the number of staves, while
56, or # diminished by unity, is the number of
teeth in the spur-wheel.

Had it been possible to make the number of
teeth equal to 5733, 2% inches would be the pro-
per thickness for the teeth and the staves; but,
as the number must be diminished to 56, there
will be an interval left, which must be distribut-
cd among the teeth and’ staves, so that a small
addition must be made to cach. To do this,
divide the circumference of the wheel 2% of a
foot by the number of teeth 56, and, from the
quotient 252 subtract the interval for the play

1000

of the teeth —3_ or -2 the remainder 232

144 1000 1000
being halved, will give .2.%5; of a foot, or 2 inches
and 5.8 tenths, for the thickness of every tooth
and stave, 2 of aninch being added to each
tooth and stave to fill up the interval.

It may sometimes happen, however, that, in
diminishing x successively by unity, a quotient
will never be found without a remainder. When
this is the case, seek out the mixed number
which approaches nearest an integer, and take
the integer to which it approximates for the
number of staves in the lantern. Thus, when
the radius of the wheel is 4% feet, the different
quotients obtained, after diminishing x by one,
two,three, four, will be 14228, 13281 13235,
13222 and 13;2%5;.. 'The nearest of these to

X
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an integer is 1822%, being only <22 less than
14, which will therefore be the number of staves
in the trundle. * - : ' .

In a succeeding article on the teeth of wheels, Form of the
we have shewn what form must be given them teeth
in order to produce an uniformity of action.

The following method; however, will be pretty
accurate for common works. In Plate IV,Prarety,
Fig. 7, take E B, equal to the radius of the™& 7
trundle,® and describe the acting part B.A, and
with the same radius describe ¢D. When the
teeth of the wheel are perpendicular fo its plane,

as in the spur wheels of corn mills, we must bi-

sect €D mn n, and drawing m n perpendicular

to B.D, make the plane B4 CD move round
upon mn as an axis ; the figure thus generated

like a b ¢, Fig. 8, will be the proper shape for Fig- &
the teeth.

The pivots, or gudgeons, on which vertical Siz¢ of the
axes move, should be conical ; and those which 8™
are attached to horizontal arbors, should be cy-
lindrical, and as small and short as possible. A
gudgeon two inches in diameter will support a
weight of 8239 pounds avoirdupois, though we
often meet with gudgeons three or four inches
in diameter, when the weight to be supported is
considerably less. By attending to this, the fric-
tion of the gudgeens will be much diminished,
and the machine greatly improved. Particular
care, too, should be taken, that the axis of the
gudgeons be exactly in a line with the axis of

9 See Fabre sur les Machines Hydrauliques, p. 304,
§ 546.

* The staves of tha trundle should be as short as
possible.
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the arbor which 'they support,® otherwise the
action or motion of the wheels which they carry
will be affected with periodical inequalities,

On the formation, size, and velocity, of the mill-
‘ stone, &c.

6n the ur-  In the fourth lecture,® Mr. Ferguson has given

faces of the

mill-stones.

Prate I,
Fig. 4.

several useful directions for the formation of the
grinding surfaces of the millstones ; to which
we have only to add, that when the furrows are
worn shallow, and consequently new dressed
with the chisel, the same quantity of stone must
be taken from every part of the grinding sur-
face, that it may have the same convexity or
concavity as before. As the upper millstone
should always have the same weight when its
velocity remains unchanged, it will be necessary
to add to it as much weight as it lost in the
dressing. This will be most conveniently done
by covering its top with a layer of plaster, of the
same diameter as the layer of stone taken from
its grinding surface, and as much thicker than
the layer of stone, as the specific gravity of the
stone exceeds the specific gravity of the plaster.*
That the reader may have some tdea of the man-
ner in which the furrows, or channels, are ar-
ranged, we have represented in Plate 1, Fig. 4,
the grinding surface of the upper millstone, upon

* The diameter of the gudgeon must be proportional
to the square-root of the weight which it supports.

3 Vol. i, p. 85. 3

4 The relative weights of the stone and plaster may be
d;ter{niped'from the table of specific gravitics at the end
of vol. i.
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the supposition that it moves from east to west,
or for whatis called a right-handed mill.. When
the millstone moves in the opposite direction,
the position of the furrows must be reversed.

In Fig. 5 we have a section of the millstoneFig.s: -
spindle and lantern. The under millstone
MPHG, which never moves, may be of any
thlckness. Its grinding surface must be of a
conical form, the point 4 being about an inch
above the horizontal line PR, and Ma and Ph
being straight lines. The upper millstone
EFPM, which is fixed to the spindle CD at C,
and is carried round with it, should be so hol-
lowed that the angle OMa, formed by the
grinding surfaces, may be of such a size that
On being taken equal to n M, ns may be equal
to the thickness of a grain of corn.s The dia-
meter ON of the mill eye m € should be be-
tween 8 and 14 inches; and the weight of the
upper millstone £ P joined to the weight of the
spindle CD and the trundle 2 (the sum of which
three numbers is called the equipage of the turn-
ing millstone), should never be less than 1550
pounds avoirdupois, otherwise the resistance of
the grain would bear up the millstone, and the
meal be ground too coarse. J

In order to find the weight of the equipage ;— Weight ot
Divide the third of the radius of the gudgeon;};;:“““
by the radius of the water-wheel which it sup-
ports, and having taken the quotient from 2.25,

§ In note 6, p. 93, vol. i, we have said that the cora
does not begin to be ground till it has insinuated itself as
far as two thirds of the radius, ‘or the centre of gyration;
but for reasons which may be seen in Fabre sur les Ma-
chines Hydrauligues, p. 238, the grinding should commence
at the point n, equidistant from O and /7,
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multiply the remainder by the expence of the
source, by the relative fall, and by the number
19911, and you will hdve a first quantity, which
may be regarded as pounds. Multiply the square
root of the relative fall by the weight of the
arbor of the water wheel, by the radius o its
gudgeon, and by the number 1617, and a se-
cond quantity will be had, which will also re-
present pounds. Divide the third part of the
radius of the gudgeon by the radius of the water-
wheel, and having augmented the quotient by
unity, raultiply the sum by 1005, and a third
quantity will be obtained. = Subtract the second
quantity from the first, divide the remainder by
the third, and the quotient will express the num-
ber of pounds in the equipage of the millstone.

The weight of the equipage being thus found,
extract its square root, expressed in pounds, and
multiply it by .039, and the product will be the
radius of the millstone in feet.®

In order to find the weight and thickness of
the upper millstone, the following rules must be
observed.—

1. To find the weight of a quantity of stone
equal to the mill eye ;—Take any quantity which
seems most pfoper for the weight of the spindle
CD and the lantern X, and subtract this quan-
tity from the weight of the millstone’s equipage,
for a first quantity. Find the area of the mill
eye, and multiply it by the weight of a cubic
foot of stone of the same kind as the millstone,
(found from the table of specific gravities, vol. 1)
and a second quantity will be had. Multiply

6 This rule supposes, that when the diameter of the
millstone is 5 feet, the weight of the equipage should be
4307 avoirdupois pounds.
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the area of the millstone by the weight of a cu-
bic foot of the same stone, for a third quantity.
Multiply the first quantity by the second, and
divide the product by the third, and the quotient
will be the weight required. : :

2. To find the number of cubic feet in the
turning millstone, supposing it to have no eye;
—From the weight of the spindle and: lantern
subtract the quantity found by the preceding
rule, for the first number. Subtract this first
number from the weight of the equipage, and a
second number will be obtained. Divide this
second quantity by the weight of a cubic foot
of stone of the same quality as the millstone,
and the quotient will be the number of cubic feet Fig. ;.
in EMPF, mC being supposed to be filled up.

3. To find the quantities m N and E M, i. e.
the thickness of the millstone at its centre and
circumference ;—Divide the solid content of the
millstone, as found by the preceding rule, by its
area, and you will have a first quantity. Add
b R, which is generally about an inch, to twice
the diameter of a grain of corn, for a second
quantity. Add the first quantity to one third
of the second, and the sum will be the thickness
of the millstone at the circumference. Subtract
the third of the second quantity from the first
quantity, and the remainder will be its thickness
at the centre.’

The size of the mill-stone being thus found, Velocity of
its velocity is next to be determined. M. Fabre ™
observes, that the flour is the best possible when
a millstone 5 feet in diameter makes from 48 to
61 revolutions in a second. Mr. Ferguson al-

7 These rules are founded upon formule, which'may be
scen in Fabre sur les Machines Hydrauliques, pp. 172, 239.
Vel. I1. L
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lows 60 turns to a millstone 6 fect in diame-
ter, and Mr. Imison 120 to a millstone 4% feet
in diameter.. In mills ‘wpon Mr. Imison’s con-
struction, the great heat that must he generated
by such a rapid motion of the millstone, must
render the meal of a very inferior quality : much
time, on the contrary, will be lost, when such
a slow motion is employed as is recommended
by M. Fabre and Mr. Ferguson. In the best
corn mills in this country, a millstone 5 feet in
diameter revolves, at an average, 90 times in a
minute.* The number of revolutions in a se-
cond, therefore, which must be assigned to mill-
stones of a different size, may be found by di-
viding 450 by the diameter of the millstone in
feet.’

The spindle ¢D, which is commanly 6 feet
long, may be made either of iron or wood.
When it is of iron, and the weight of the mill-
stone 7558 pounds avoirdupois, it is generally
three inches in diameter ; and when made of
wood, itis 10 or 11 inches in diameter. For
millstones of a different weight, the thickness
of the spindle may be found by proportioning
it to the square root of the millstone’s weight,
or, which is nearly the same thing, to the weight
of the millstone’s equipage.

The greatest diameter of the pivot D, upon
which the millstone rests, should be propor-
tional to the square root of the equipage, a pivot
half an inch diameter being able to support an
equipage of 5398 pounds. In most machines,

5 Mr. Fenwick of Newcastle, an excellent practical
mechanic, observes, that, in the best corn mills in Eng-
land, mill-stones from 4% to 5 feet in diameter revolve
from 90 to 100 times in a second,
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the diameter of the pivots is by far too large,
being capable of  supporting a much -greater
weight than they are obliged to bear. . The fric-
tion is therefore increased, and the performance
of the machine diminished. o ot

The bridge-tree 4B is generally from eight Fig. s.
to 10 feet lgong, and should always be elastic, 2rdee-
that it may yield to the oscillatory motion
of the mill-stone.®. "When its length 1s 9 feet,
and the weight of the equipage 5182 pounds, it
should be 6 inches square ;' and when the length
remains unchanged, and the equipage varies, the
thickness of the bridge-tree should be. propor-
tional to the square root of the equipage.

On the performance of Undershot Mills.

The performance.of any machine may be Perform-
properly represented by the number of pounds ot
which it will elevate, in a given time, by meansmil,
of a rope KL (Fig. 5), wound upon the spindle
CD, and passing over the pulley LZ.” In order
to find the weight which a given machine will
raise ;—Divide the third part of the radius of the
gudgeon of the water-wheel, by the mean radius
of the wheel itself, and, having subtracted the
quotient from 2.25, multiply the remainder by
the expence of water in a second in cubic feet,
by the height of the relative fall, and by the
number 19911, for a first quantity. Multiply
the weight of the arbor of the water-wheel, and

¢ See Belidor, Architecture Hydraulique, G38 5 or Desa-
guliers’ Exper. Philos. vol. ii, p. 429.
7 1t was in this way that Smeaton measured the per-
formance of his models.
L2
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its appendages (viz. the water-wheel itself and
the spur wheel), by the radius of the gudgeon
in decimals of a foot, by the square root of the
relative fall, and the number 1617, and divide
the product by the mean radius of the water
wheel, and a second quantity will be had. Di-
vide the third part of the gudgeon’s radius by
the mean radius of the water-wheel, augment
the quotient by unity, and multiply the sum by
the radius of the spindle CD. for a third quan-
tity. Subtract the second quantity from the
first, and divide the remainder by the third
quantity, the quotient will be the number of
pounds which the machine will raise. Muldply
the diameter of the spindle CD by 3.1416, and
you will have a quantity equal to the height which
W will rise by one turn of the spindle; this
quantity, therefore, being multiplied by the num.
ber of turns which the spindle performs in a mi-
nute, will give the height through which the
weight 777 will rise in the space of a minute.

Mr. Fenwick ® found, by a variety of accurate
experiments made upon good corn-mills, whose
upper millstone, being from 4 to 5 feet in dia-
meter, revolved from QO ta 100 times in a mi.
nute, that a mill, or any power capable of raising

- 800 pounds avoirdupois with a velocity of 210

feet per minute, will grind one boll of good corn
in an hour ; and that two, three, four; or five
bolls will be ground in an hour, when a2 weight
of 300 pounds is raised with a velocity of 35Q
506, 677, or 865 feet respectively in a minute.?

8 Four Essays on Practical Mechanics, 2¢ edit. 1802,

. 60.
® As the differences of these numbers inerease nearly
by 16, they may be continued by always augmenting- the
' difference
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Or, to arrange the numbers more properly :

Number of bolls ground in an

IROBE 50 -« wieio s o ole o siwe d {#orefora & 112
Number of feet through which v
" 3001b. is raised in a2 miniite .. . 210[350,506677865/1060

3l4l5]6

Supposing it, therefore, to be found, by. the
preceding rules, that a mill would raise 600
pounds through 253 feet in a minute of time,
we have 300: 600=253 : 506 ; that is, the same
power that can raise 600 pounds through €53
feet, will raise 300 pounds through 506 feet,
consequently such a mill will be able to grind
three bolls of corn in an hour.'! :

According to M. Fabre, the quantity of meal According
ground in an hour may be determined by mul.©-Fére
tiplying 62.4 Paris pounds by the square of the
radius of the millstone, and the product will be
the number of pounds of meal. But, as this
rule is founded upon an erroneous supposition,
that the quality of the flour is best when a mill-
stone, 5 feet in diameter, performs 48 revolu-
tions in a minute, we have made the calculation

difference between the two last numbers by 16, and add-
ing the difference thus augmented to the last number, for
the number required. Thus, by adding. 16 to 188, the
difference between 677 and 865, we have 204, which
being added to 865, gives 1009 for the number of feet,
nearly, through which the power must be able to raise a
weight of 300 pounds in a minute, in order to grind six
bolls of corn in an hour. .

* ‘The proper result of Mr. Fenwick’s experiment was,
that a power requisite to raise a wcight of 300 pounds
avoirdupois, with a velocity of 1190 feet per minute; would
grind one boll of good corn in an hour ; but, in order to
make the above numbers accurate in practice,: he in.
creased the velocity 1%, and made it 210:fcet per minute.

IJS
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anew, upon the supposition, that the velocity of
a millstone, five feet diameter, should be 90
revolutions in a minute, and have found, that,
when mills are constructed ‘upon this principle,
the quantity of flour ground in an hour, in
pounds avoirdupois, will-be equal to the product
of the square of the millstone’s radius, and the

)

number 125.- ' I 3

‘The following important maxims have been

deduced from Vir. Smeaton’s accurate experi-
ments on undershot mills, and merit the atten-
tion of every practical mechanic.
" Maxim 1. That the virtual or effective head
of water being the same,” the effect will be near-
ly as the quantity of water expended.—That is,
if a mill, driven by a fall of water whose virtual
head is 10 feet, and which discharges 80 cubic
feet of water in a second, grinds four bolls in an
hour ; another mill having the same virtual
head, but which discharges 60 cubic feet of wa-
ter, will grind eight bolls of corn in an hour.

Mazim 2. That the expence of water being
the same, the effect will be nearly as the height

+ of the virtual or effective head.

? The virtual, or effective head of water moving with a
certain velocity, is equal to the height from which a heavy
body ‘must fall in order to acquire the same velocity. The
height of the virtval head, therefore, may be easily deter-
mined ‘from the water’s velocity, for the heights are as the
squares of the velocities, and the velocities, consequently,
as the square roots of the heights. Mr. Smeaton ob-
serves, that, in the large openings of mills and:sluices,
where great quantities of water are discharged from mode-
rate heads, the real’head of water, and the virtual head,
as determined from the velocity, will nearly agree. See
his Experiments on Mills, p. 23. 53

3
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Mazxim 8. That the quantity of water expend-
ed being the same, the effect is nearly as ‘the
square of its velocity~—That is, if a mill, driven
by a certain quantity of water; moving with the
velocity of four feet per second, grinds three
bolls of corn in'an hour; another mill, driven
by the same quantity of water, moving with the
velocity of five feet per second, will' grind
nearly - 4. bolls' of corn in an hour, because
3:4.L=4":5" nearly, thatis, as 16 to 25,
the squares of the respective velocities of the
water. -
Muazim 4. The aperture being the same, the
effect will be nearly as the cube of the velocity
of the water.——That is, if a mill driven by water,
moving through a certain aperture, with the
velocity of four feet per second, grind three bolls
of corn i an hour; anothet mill driven with
water, nmoving through the same aperture with
the velocity of five feet per second, will grind
542 bolls nearly in an hour, for 8: 543=43:53
nearly, that is as 64 to' 125, the cubes of the
watet’s respective velocities.

On the method of constructing Mill-wrights®
Tables, on new principles.

Although a mill-wright’s table has been con- Construc-
structed by Mr. Ferguson,® and afterwards alter- > ‘,‘fuﬁ
ed a little by Mr; Imison, so far as concerns the wrights’
velocity of the millstone ; yet, as we shall now table:
shew, the principles upon’ which ‘it is computed
are far from being correct. It is evideént that the

= oy,
t

5 See vol. i, p. 97,
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great wheel must always move with less velocity
than the water, even when there is no work to be
performed; for a part of the impelling power is ne~
cessarily spent in overcoming the inertia of the
wheel itself ; and if the wheel has little or no velo-
city, it is equally manifest that it will produce a
very small effect. There is consequentlya certain
proportion between the velocity of the water and
the wheel, when the effect is 2 maximum. Parent
and Pitot found this proportion to be as 1 to 3;
and Desaguliers, © Maclaurin,’ and Ferguson,
have adopted their determination.® But Mr.
Smeaton has shewn, that instead of the wheel
moving with £ of the velocity of the water, when
the effect is a maximum, as Parent imagined, the
greatest effect is produced when the velocity of
the wheel is between + and +, the maximum
being much nearer to 5 than 3. He observes
also, that + would be the true maximum ¢ if no-
¢ thing were lost by the resistance of the air, the
scattering of the water carried up by the wheel,
and thrown off by the centrifugal force, &c.
all which tend to diminish the effect more at
what would be the maximum if these did not
take place, than they do when the motion is a
little slower.” > But in making this alteration

LS S Y NN Y

¢ Desaguliers’ Experimental Philosophy, vol.ii, p. 424,
Lect. 12,

7 Maclaurin’s Fluxions, Art. g07, p. 728.

# M. Lambert has also adopted the determination of
Parent, in his Memoir on Undershot Mills in the Nouw.
Mem. de P Acad. de Berlin, 1775, p. 63.

# Sineaton on Mills, p. 77. M. Bossut and M. Fabre,
along with Smeaton, make the velocity of the wheel 2 of
the velocity. of .the water. See Traite d’Hydrodynamique
par Bossut, § 808.9, Fabre, § 66. The great hydraulic
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. we are warranted not merely by the results
of Mr. Smeaton’s experiments, but also by
deductions of theory. In the investigations
from which Parent and Pitot concluded that
the velocity of the wheel should be I of the
velocity of the water in order to produce a maxi-
mum effect, they considered the impulse of the
stream upon one float-board only, and therefore
made the force of impulsion proportional to the
square of the difference between the velocities of |
the stream and the float-board. The action of
the current, however, is not confined to one
float-board, but is exerted on several at the same
time, so that the float-boards which are accurate-
ly fitted to the mill-course, abstract from the
water its excess of velocity, and the force of im-
pulsion becomes proportional only to the differ-
ence between the velocities of the stream and
the float-boards. From this circumstance, the
Chevalier de Borda has shewn in his Memoire
sur les Roues Hydrauliques,' that in theory the

machine at Marly was found to produce a maximum effect
when the velocity of the wheel was } that of the cur-
rent.

! Memoires de I’Acad. Paris, 1767, 4t0, p. 285.—
Although the memoir of the Chevalier de Borda was
published so easly as 1767, yet, in the year 1793, there
appeared in the Transactions of the American Philosophi-
cal Society, vol. iii, p. 144, a paper, by Mr. Waring, con-
taining the same observations on the maximum effect of
undershot wheels. We would willingly believe that Mr.
Waring was guided solely by his own investigations; and
that the similarity between his memoir and that of Borda’s,
was owing to 2 casual coincidence of sentiment. Unfor-
tunately; however, in the same volume of the American
Transactions, Mr. Waring describes an improvement, by a
Mr. Rumsey, on Barker’s mill,’ which was published in
2775, by M. Mathon de'la Cour in Rozier’s Journal de
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velocity of the’ wheel is % that of the current,
and that in practice it is never more than & of
the stream’s velocity, when the effect is a maxi-
mum, e Sk

The constant number, too, which isused by
Mr. Ferguson for' finding the velecity of the
water from the height of the fall, viz."64.2882
is not correct. From the recent experiments of
Mr. Whitehurst on pendulums, it appears, that
a heavy body falls 16.087 feet in a second of
time;  consequently the constant number should
be'64.348. it e

In Mr. Ferguson’s table, the velocity of the
millstone is too small ; and Mr. Imison, in cor-
recting this mistake, has made the velocity too
great. From this circumstance, the mill-wrights’
table, as hitherto published, is fundamentally er-
roneous, and is more calculated fo mislead than
to direct the practical mechanic. Proceeding,
therefore, upon the practical deductions of Smeas
ton, as confirmed’ by theory, and employing a
more correct constant number,and a more suitable
velocity for the millstone, we may construct a
new mill-wrights’ table by the following rules.

1, Find the perpendicular height of the fall of

construct- water in feet above the bottom of the mill-

ing the
table.
Fig. 1.

course at K (Fig. 1, Plate 1); and having di-

minished this numbér by one half of the natural
depth of the water at X, call that the height of
the fall.?

Physique. Such unequivocal instances of literary robbery
cannot be too severely reprobated.

* The height of the fall heré meant is the relative or
virtual height, and it is supposed that the mill-course is o
accurately constructed, that the water will have the same
velocity at K as it would have at R by falling perpendicus
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2, Since bodies acquire a velocity of 32.174
feet in a second, by falling through 16.087 feet,
and since the velocities of falling bodies are as
the ;square root$ of the heights through which
they fall, the squdre: root of 16.087 will be to
the 'square root of the height of the fall as
22.174 to a fourth number, which will be the
velocity of the water. .: Therefore the velocity of
the water may be always found by multiplying
82.174, by the square root of the height of the
fall, and dividing that product by the square root
of 16.087.—Or it may be found more easily by
multiplying the height of the fall by the constant
number 64.348, and extracting the square root
of the product, which, abstracting the effects of
friction, will be the velocity of the water requir-
ed.?

larly through CR. This will be nearly the case when the
mill-course 13'formed accerding to the directions formerly
given ; though in general a few inches should be taker
from the fall, in order to obtain accurately its relative or
virtual height.

3 That the velocity of the water is equal to the square
root ‘of the product of the height of the fall, and the
constant number 64.348, may be shewn in the following
manner. Let » be thesvelocity of the water, m the height
of the fall, @ = 16.087, and consequently 2 2 = 32.174.
Then by the first part of the second rule y/a:y/m=22:x

therefore x = 2:/‘/;" ; multiplying by 4/a we have x4/a

= 2 a4/ m; putting all the quantities under the radical
sign there comes out-4/ x* @ = 4 @* m; extracting the
square root of both sides, we have x> 2 = 4 a* m, divid-
ing by a gives x> =4 am or x = 4/ 4am. But since the
constant number 64.348 is double of 32.174, it will b¢
equal to 4 a; then by the latter part of rule second we
have x = 4/ 4 @ m, which is the same value of », as was
found from the first part of the rule. ’
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8, Take one half of the velocity of the water,
and it will be the velocity which must be given
to the float-boards, or the number of feet they
must move through in a second, in order that
the greatest effect may be produced. .

4, Divide the circumference of the wheel by
the velocity of its float-boards per second, and
the quotient will be the number of seconds in
which the wheel revolves.

5, Divide 60 by this last number, and the
quotient will be the number of revolutions which
the wheel performs in a minute.—Or the num-
ber of revolutions performed by the wheel in a
minute, may be found by multiplying the velo-
city of the float-boards by 60, and dividing the
product by the circumference of the wheel, which
in the present case is 47.12.

6; Divide 90 (the number of revolutions
which a millstone 5 feet diameter should per-
form in a minute) by the number of revolu-
tions made by the wheel in a minute, and the
quotient will be the number of turns which the
millstone ought to make for one revolution of
the wheel.

7, Then, as the number of revolutions of the
wheel in a minute is to the number of revolu-
tions of the millstone in a minute, so must the
number of staves in the trundle be to the nun-
ber of teeth in the wheel, in the nearest whole
numbers that can be found.*

4 We have filled up the sixth column of the tables in the
common way ; but, for the proper method of finding the
relation between the radius of the spur wheel and trundle,
and the exact number of teeth in the one, and staves in
the other, we must refer the reader to pp. 154-5 of this
volume.

1
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TABLE I.

4 NEW MILL-WRIGHT’S TABLE,
In wb:cb the welocity of the wheel is one-half t'e velaczty of the
- stream, the cffects of friction not bding considered.

1
2 | Velocity l Velocity * Revolu- | Revolu- ! Teeth in | Revolu-
B of the | - of the - tions of | tions of 'the wheel) tions of
& 1 water per wheel per the wheel| the mill- |and staves| the mill-
:‘; | sccond, | second, per stone for| in the [stone per
5 E friction | being mnunute, | one of | trundle. | minute
‘e ©| not one half | its dia- the by these
23| being | thatof meter | wheel. staves
.80 | consider- the  being 15 and
o ed. water. +  feet. teeth.
g4 ss 23 23 £3
|, 281 E& 5 48| LB 4 gl 4B
8|8 g0 8 g8s 3 8=l 3 88| 8 2 r g
mo|E ST m RS o Re|& RS B B |& K%
1} 8.02| 4.01} 5.10|17.65]106 6]90.01
2111.84| 5.67 '7.22112.47| 87 '7190.03
31138.89{ 6.95| 8.85/10.17| 81 8{90.00
4116.04| 8.02]10.20| 8.82| 79 9!/89.96
5117.94| 8.97[11.43| 7.87| 71 9{89.95
619.65| 9.82|12.50| 7.20} 65 9{90.00
7121.22}10.61(13.51| 6.66{ 60 9;89.08
8[22.69|11.84|14.45| 6.23]| 56 990.02
9]124.06|12.03{15.31| 5.88] 53 9/90.02
10{25.8712.69/16.17| 5.57| 56 10|90.06
11]26.60;13.30|16.95| 5.31] 53 10|/90.00
12127.79113.90(17.70| 5.08| 51 10{89.91
13|28.92|14.46|18.41} 4.89| 49 10, 90.02
14130.01{15.0119.11| 4.71} 47 10| 90.00
15|81.07|15.53119.80| 4.55| 48 11/90.09
16]382.09|16.04|20.40| 4.45] 44 10| 89.96
17{33.07|16.54|21. 5| 4.28| 47 11 00.09
18184.03|17. 2|/21.66| 4.16| 50 12/90.10
191 34.97|17.48 | 22.26 | 4.041 44 11/89.93
201385.97117.99(22.86| 35.94| 48 12/90.07
1 2 3 4 5 6 7
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TABLE 1I.
A NEW MILL-WRIGHI'S TABLE,

In which the velocity of the whee! is three-sevenths of the velocity
of the water, and the effects of friction on the welacity of the
stream reduced to compuiation.

. | Velocity | Velacity { Revolu- Révolu-’ Teeth in | Revolu-
S | of the Lvofthc tions of | tionsof lthc wheel| tions of
= Iwater per [wheel perithe wheel mill-stone and staves|the mill-
e .| second, | second, | per iforoneof inthe |stoneper
S 8| friction | being | minute, the wheeld trundle. | minute,
“6; being 2-7ths | itsdia- by these
|2 |copsider- [that ofthe meter staves
.20 ed. water. being 15 and
fesd feet teeth,
% Baum| o 8a& F B g Bl oF o |5 B
15 32/8 828 sslEscl® 5|8 ss
m |m A8lm A% 2“5 o R B A~ RS
1| 7.62| 3.27| 4.16/21.63130 6 89.98
2110.77| 4.62| 5.88|15.31| 92 6, 90.02
3113.20| 5.66| '7.20|12.50{100 8 90.00
4115.24| 6.53| 8.32(10.81| 97 9\89.94
5|17.04| 7.30{ 9.28| 9.70| 97 10 90.02
6[/18.67| 8.00[10.19} 8.83| 97 11/89.98
7120.15]| 8.64110.99} 8.19] 90 1190.01
8/21.56| 9.24/11.76]| 7.65| 84 11/89.96
0/22.80| 92.80|12.47| 7.22| 72 10 90.03
10{24.10{10.33|13.15| 6.84| 82 12/89.95
11125.27110.83(13.79| 6.53| 85 13/90.05
12126.40111.31|14.40| 6.25| 72 12 90.00
13127.47111.77|14.99] 6.00] 72 12/ 89.94
14128.51112.22 (15,56 5.78] 75 13,89.94
15129.52112.65{16.13| 5.58{ 67 12 00.01
1630.48 18.06,16.63( 5.41| 65 12/89.97
17181.42113.46:17.14] 5.25| 63 12‘89.99
18152.83118.86,17.65{ 5.10( 61 12/90.01
19/38.22114.24 18.13| 4.96| 64 13/89.92
20| 34.17 14'.645‘ 18.64} 4.83| 58 12 89.84
1l 21 3| 4| 51| 6 7
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Ezplanation and Use of the Mill-wrights’ Tables.

It has already, been observed, that, according
to theory, an undershot wheel will produce the
greatest possible effect, when the velocity of the
stream is double the velocity of the wheel ; and,
upon this principle, the first of the preceding
tables has been computed. When we consider,
however, that, after every precaution is observed,
a small quantity of water will escape between the
mill-course and the extremities of the float-boards;
and that the effect is diminished by the resistance
of the air, and the dispersion of the water carried

The veloci- up by the wheel, the propriety of making the

ty of the
wheel

wheel move with £ of the velocity of the water

should,in  Will readily appear. The Chevalier de Borda sup-

practice, be
3-7ths that

of the
alream.

poses it never to exceed $, and Mr. Smeaton
found it to be much nearer % than Z. With
3, therefore, as a proper medium, the numbers
in Table II have been computed for this new ve-
locity of the wheel.—In Table I, the water is sup-
posed to move with the same velocity as falling
bodies. Owing to its frictiononthe mill-course, &c.
this is not exactly the case; but the error, arising
from the neglect of friction, might be in a great
measure removed, by diminishing the height of
the fall a few inehes, in order to have the effec-
tive height, with which the other numbers are to
be taken out of the table*. As this mode of
estimating the effects of friction is rather uncer-
tain, we have deduced the velocity of the water

-

* See page 170, note.
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fromthe following formula, 7=,/ %g xRb—;Hh;

in which #is the velocity of the water, Rb. the Velocity
absolute height of the fall, and Hk the depth ety
the water at the bottom of the course. 'This for.minished
mula is founded on the experiments of. Bossut, ®¥ Fiction
from which it appears, that if a canal be inclined
<= part of its length, this additional declivity will
restore that velocity to the water which was de-
stroyed by friction. ,

We would not advise the mechanic, however,
to trust to the second column of Table II for the
true velocity of the stream, or to any theoretical
results, even when deduced from formula that
are most agreeable to experience. Bossut, with
great justice, remarks, ¢ It would not be exact,
¢ in practice, to compute the velocity of a cur-
¢ rent from its declivity, This velocity ought to
¢be determined by immediate experiment in
¢ every particular case.’*—Let the velocity of the
water, where it strikes the wheel, be determined
by the method which we shall now explain.
With this velocity, as an argument, enter column
second of either of the tables, according to the
velocity which is required for the wheel, and take
out the other.numbers from the table,

Method of measuring the Velocity of Water.

A variety of methods have been proposed, by Difereat

different philosophers, for measuring the velocity methods of
. b . ascertain-
of running water. The method by floating bo- ing the ve-
dies, employed by Mariotte ; the bent tube (7 tubelr‘:f;;)i’n"gf
water,

* Traite d’Hydrodynamique, * 645.
FPol. 11, M
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recourle). of Pitot ;3 the regulator of Gugliel-
mini ;¢ the quadrant,* the little wheel,® and the
method proposed by the Abbé Mann,” have each
their' advantages and disadvantages. The little
wheel was employed by Bossut. It is the most
convenient mode of determining the superficial
velocity of the water; and when constructed,
in ‘the' following manner, it will be more
accurate, I presume, than any instrument that
Plate X1I, has hitherto been used.. The small wheel W77
Fig2-APP-should be formed of the lightest materials.
Simple in- Tt should be about 10" or 12 inches in diameter,
for measur- and ' furnished with 14 or 16 float-boards. This
;gg,‘;‘;{" wheel ‘moves upon a delicate screw aB passing
running  through'its axle BZ; and when impelled by the
water.  stream, it will gradually approach towards D,
each revolution of the wheel corresponding with
a thread of the screw. 'The number of revolu-
tions performed, in a given time, are determined
upon the scale m a, by means of the index O 4,
fixed at O, and moveable with the wheel, each
division of the scale being equal to the breadth
of a thread of the screw, and the extremity A of
the index Ok coinciding with the beginning of the
scale, when the shoulder & of the wheel is screwed
close to the scale a. The parts of a revolution are
indicated by the bent index mn pointing to the
periphery of the wheel, which is divided into 100
parts. When this instrument is to be used, take
it by the handles €, D, screw the shoulder 4 of
the wheel close to @, so that the indices may both,

3 Mem. de I’Acad. Paris 1732.

4 Alquarum fluentium Mensura, lib. iv. -
5-Bossut,Traite d’Hydrodynamique, § 654.

S Id. Id. § 655.

* Phil. Trans, v. Ixix.
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point to 0, the commencement of the scales;
then, by means of a stop-watch, or a pendulum,
find how many revolutions of the wheel are per-
formed in a given time. Multiply the mean cir-
cumference of the wheel, or the circumference~
dediced from the ‘mean radius, which is equal
to the distance of the ‘centre of impulsion from
the axis 5B, by the number of revolutions, ‘and
the product will be the number of feet which the
water moves through in the given time. “On ac-
count of the friction of the screw, the resistance
of the air, and the weight of the wheel, its circum-
ference will move witha velocity a little less than
that of the stream; but the diminution of velo-
city, arising from these causes, may be estimated
with sufficient precision for all the purposes of
the' practical mechanic. ’

ON HORIZONTAL MILLS.

Although' horizontal water whecls are very Horizontal
common on the Continent, and are strongly re-mill
commended to our notice by the simplicity of
their construction, yet they have almost never been
erected In this country, and are therefore not de-
scribed ‘in any of our treatises ‘on practical me-
chanics. In order to supply this defect, and re-
commend them to the attention of the mill-wright,
we shall give a brief account of their construction.

In Fig. 6, we have a representation of one of these Plate 1,
mills. 4B is the large water-wheel, which Fig. 6.
moves horizontally upon its arbor CD. This
arbor passes through the immoveable mill-stone

EF at D; and, being fixed to the upper one GH,
carries it once round, for every revolution of the
great wheel; N is the hopper, and I the mill-

r- M 2
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shoe, the rest of the construction being the same
as in vertical corn mills,

The mill-course is constructed in the same
manner for horizontal as for vertical wheels, with
this difference only, that the part mBnC, Fig. 2,
of which KL, in Fig. 1, is a section, instead of
being rectilineal like m 7, must be circular like
mP, and concentric with the rim of the wheel,
sufficient room being left between it and the tips
of the ﬁoat-boards, for the play of the wheel.

The equipage® of the mill-stone of a hori-
zontal mill may be found by multiplying the
product. of the 100" part of the expence of the
water in cubic feet, and the relative fall, by 5078,
and the product will be the weight of the equi-
page in pounds avoirdupois.

The mean radius of the wheel 4B is to be
determined by multiplying the product of the
relative fall, and the square root of the expence
of water in a second by 0.062.

‘What has been said respecting the number,

Syl ofposmon, and form of the float-boards, of vertical
the float= - wheels, may be applied also to horizontal ones.

hoards.

In the latter, however, the float-boards must. be
inclined, not only to the radius, but also to the
plane of the wheel, with the same angle as they
are inclined to the radlus, so that the lowest and
the outermost sides of the float-boards may be
farthest up the stream.

yelocity of Since the millstone of horizontal mills per-

the mill:
stone.

forms the same number of revolutions as the
water-wheel ; and since a millstone five feet in
diameter should never make less than 48 turns
in a minute, the wheel must perform the same

* The equipage comprehends the mill-stone, the water.
wheel, and its arbor,
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number of revolutions in the same time; and
in order that the effect may be a maximum, or
the greatest possible, the velocity of the current
must be doulle that of the wheel. Suppose the
millstone, for example, to be five feet, diame-
ter, and the water-wheel six feet, it is evident
that the millstone and wheel must at least re-
volve 48 times in a minute ; and since the cir-
cumference of the wheel is 18.8 feet, the float-
boards will move through that space in the 48™
part of a minute, that is nearly at the rate of
15 feet per second, which being doubled makes
the velocity of the water 30 feet, answering, as
appears from the preceding table, to a fall of
14 feet. Butif the given fall of water be less
than 14 feet, we may procure the same velocity
to the millstone by diminishing the diameter of
the wheel. If the wheel, for instance, is only
five feet diameter, its circumference will be 15.7
feet, and its floats will move at the rate of 12.56
feet in a second, the double of which is 25.12
feet per second, which answers to a head of wa-
ter less than ten feet high. As the diameter of
the water-wheel, however, should never be less
than seven times the breadth of the mill-course
at K, (Fig. 1), there will be a certain height of
the fall beneath which we cannot employ hori-
zontal wheels,® without making the millstone re-
volve too slowly. This height will be found by
the following table.

9 This applies only to mills for grinding corn, where
the millstone is fixed on the arbor of the water-wheel, and
must move with a determinate velocity. For any other
purpose horizontal wheels may be used, however small be
the fall of water.

M3
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Metliod of
of finding
whether
horizontal
or vertical
mills
should be
crected.

Perform-
ante of ho.
rizontal
mills.

When the natural

depth of the water |
at’ the bottom of

the fall is to thei3t0 12to 1j1to 1|3 tol|5to1l
breadth of the mill-
course at the same
place, as

Equal. ’

The relative fall
beneath which we

cannot employ ho- 7-3148.6021 1.8350 14.976 17.613

rizontal mills, will ‘
be : S

Ft. Dee|Ft. Dec. Ft. Dec|Ft. Dec.Ft. Dec,

Thus, if the natural depth of the water at K,
Fig. 1, is three times the width of the mill-
course at the same place, the relative fall be-
ncath which we cannot employ a horizontal
wheel will be 7.314 feet. Since the depth of
the water is so great in this case, a great quan-
tity of it will be discharged in a second, and
therefore it requires a less velocity, or a less
height of the fall, to impel the wheel, whereas
if the depth of the water had been only one
third of the width of the mill-course, such a
small quantity would be discharged in a second
that we must make up for the want of water by
giving a great velocity to what we have, or by
making the height of the fall 17.618 feet.

In order to find the radius of the nvllstone in
Horizontal mills, multiply the expence of water
in cubic feet in a second, by the relative fall ;
extract the square root of the product, and mul-
tiply this root by 0.267, .the product will be the
radius of the millstone in feet. g

The quantity of meal ground in an hour may
be found by the rules already given for vertical
mills, or by multiplying the product of the ex-



MECHANICS, © 183

pence of water, and the relative fall, by 45615,
and the result will be the quantity required.
The thickness of the millstone at the centre
and circumference, the thickness of the arbor
and pivots, may be determined by the rules al-
ready laid down for vertical mills.
In horizontal wlheels, the mill-course is some- Horizonta

. 2 gt y mills with
times differently constructed. ' Instead of thel *%

.

water assuming a horizontal direction before it fioat-
strikes the wheel, as in the case’ of undershot-b°ds
mills, the float-board is so inclined as to receive
the impulse perpendicularly, and in the direction
of the declivity of the waterfall. When this
construction is adopted, the greatest effect will
be produced when the velocity of the float-boards
is not less than gogi;%', in which X repre-
sents the height of the waterfall, and A4 the
angle which the direction of the fall makes with
a vertical line. But since this quantity increases
as the sine of A decreases, it follows, that with-
out taking from the effect of these wheels, we may
diminish the angle <, and thus augment con-
siderably the velocity of the float-boards, accord-
ing to the nature of the machinery employed ;
whereas, in vertical wheels, there is only one
determinate velocity, which produces a maximum
effect.’ r

In the southern provinces of France, where Withcurvi-
horizontal wheels are very generally gmployed,{:ziﬂfm"
the float-boards are made of a curvilineal form,
so as to be concave towards the stream. The
Chevalier de Borda observes, that in theory a
double effect is produced when the float-boards

* See Memoire sur les Roues Hydrauliques, Mem. de
L’Acad. Royal, Par. 1767, p. 285. :
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are concave; but that this effect is diminished m
practice, from the difficulty of making the fluid
enter and leave the curve in a proper direction.
Notwithstanding this difficulty, however, and
other defects which might be pointed out, hori-
zontal wheels with concave float-boards are al:
ways superior to those in which the float-boards
are plain, and even to vertical wheels, when
there is a sufficient head of water. When the
float-boards are plain, the wheel is driven merely
by the impulse of the stream; but when they
are concave, a part of the water acts by its
weight, and increases the velocity of the wheel.
If the fall of water be five or six feet, a horizon-
tal wheel with concave float-boards may be erect-
ed, whose maximum effect will be to that of
ordinary vertical wheels as 3 to 2.
z‘z’ggﬁ‘lm In'the provinces of Guyenne and Languedoc,
wheel with another ‘species of horizontal wheels is employed
;};f::(;sﬂoat-for turning machinery. They consist of an in-
pear, verted cone, 4B, with spiral float-boards of a
XIII, Fig.s, curvilineal form winding round its surface. The
App. wheel moves on a vertical axis in the building
D D, and is driven chiefly by the impulse of the
water conveyed by the canal C to the oblique
float-boards. When the water has spent its impul-
sive force, it descends along the spirals, and
continues to act by its weight till it reaches the
bottom, where it is carried off by the eanal /.

ON DOUBLE CORN MILLS3.

Double It frequently happens that one water-wheel
corn mills: Grives two millstones, in which case the mill is
said to be double ; and when there is a copious
discharge of water from a high fall, the same
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water-wheel may give sufficient velocity to three,
four, or five millstones. Mr. Ferguson has
given a brief description of a double mill in
vol. i, p. 101, and a drawing of one in Plate VII,
Fig. 4, but has laid down no maxim of con-
struction for the use of the practical mechanic.
In supplying this defect, let us first attend to
double horizontal mills, in-which the axis C D,
Fig. 6, is furnished with a wheel which givesFiz. .
motion to two trundles, the arbors of which
carry the millstones.

In order to find the weight of the equipage
for each millsone, multiply the product of the
expence of water, and the relative fall, by
4811615, and divide the product by 2000, if
there are two millstones, 3000 if there are three,
and so on, the quotient will be the weight of
the equipage of each millstone.

To determine the radius of the wheel thatSizeof the

drives the trundles, find first the radius of the}vfi’::: g’:
millstones by the rules already given, and having trundies.
added it to half the distance between the two
neighbouring millstones,* subtract from  this
sum the radius of the lantern, which may be tak-
en at pleasure, and the remainder will be the
radius required when there are two millstones.
But if there are three millstones, or four, or
five. or six, before subtracting the radius of the
lantern, divide the sum by 0.864, 0.705, 0.587,
0.5, respectively. _

The mean radius of the water-wheel may besize of the
found by multiplying the square root of the re.wser-
lative fall by the radius of the millstone, by the™

wsws-> This quantity may be taken at pleasure, and should
never be less than 2 feet, however great be the number of
the millstones.
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radius of the wheel that drives the trundles, and
by 231, and then dividing the product by the
radius of the lantern multiplied by 1000, the
quotient will be the wheel’s radius. It may hap-
pen, however, that the diameter of the wheel
found in this way is too great. When this is
the case, we may be certain that the radius of
the lantern has been taken too small. In order
then to get a less value for the wheel’s radius,
increase a little the radius of the lantern, and
find new numbers both for the water-wheel, and
that which drives the trundles, by the preceding
rule. It may happen also, that in giving an ar-
bitrary value to the radius of the lantern, the
diameter of the wheel found by the rule may be
too small, that is, less than seven times the
breadth of the mill-course at the bottom of the
fall. "When this takes place, make the diameter
of the water-wheel seven times the width of the
mill-course, and you may find the radius of the
other wheel and lanterns by the following rules.
sizeof the 1. To find the radius of the wheel that impels
fi",'?“‘ ‘:‘h“ the trundles; add the radius of the millstone
fives the, ¥ 5 Q.0
uundle.  to half the distance between any two adjoining
millstones for a first quantity. Multiply the
square root of the relative fall by the radius of
the millstone and by .231; and having divided
the product by the radius of the water-wheel,
add unity to the quotient, and multiply the sum
by 1 if there are two millstones, by .804 if
there are three, by .705 if there are four, by
.587 if there are five, and by .5 if there are six,
and the result will be a second quantity. Divide
the first by the second quantity, and the quo-
tient will be the radius of the wheel that drives
the trundles.

2. To find the radius of the lantern, multiply
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the radius of the wheel as found by the pre- Size of the
ceding rule, by the square root of the relative P
fall, and by .231, and divide the product by the

radius of the water-wheel, the quotient will be

the lantern’s radius.

By the rules formerly given find the quantity
of meal ground by one millstone, and having
multiplied this by the number of millstones, the
result will be the quantity ground by the com-
pound mill.

If the equipage of the millstone of a vertical
mill, as found in p. 159, should be too great,
that is, if it should require too large a millstone,
then we must employ a double mill, like that
which is represented in Plate VII, Fig. 4, or one
which has more than two millstones.

In order to know the equipage of each mill-
stone, find it by the rule for a single mill, and
having multiplied thequantity by .947, divide
the product by the number of millstones, and the
quotient will be the equipage of each millstone.

The radius of the wheel .D, Plate VII, Fig. 4,
will be found by the same rule which was given
for horizontal mills ; but it must be attended to,
that the lantern whose radius is there employed
isnot BB, but FG, or EH.

To determine the mean radius of the large size of the
spur-wheel 4.4, which is fixed upon the arborspur-wheel.
of the water-wheel, multiply the square of the
radius of the lanterns ¥'G or E H, by the radius
of the water-wheel, and also by 4302, and a first
quantity will be had. Multiply the square root
of the relative fall by the radius of one of the
millstones, and by the radius of the wheel D,
and by 1000, and a second quantity will be ob-
tained. Divide the first quantity by the second,
and the quotient will be the mean radius of the
wheel 44. 5
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The quantity of meal ground by a compsund
mill of this kind, is found by the same rule that
was employed for compound mills driven by a
horizontal water-wheel.

ON BREAST MILLS.

A breast water-wheel partakes of the nature
both of an overshot and an undershot wheel : it
is driven partly by the impulse, but chiefly by
the weight of the water. Fig. 1, of Plate II, re-
presents a water-wheel of this description, where
MQ is the stream of water falling upon the float-
board o, with a velocity corresponding to the
height m n, and afterwards acting by its weight
upon the float-boards between o and B. The
mill-course o B is concentric with the wheel,
which is fitted to it in such a manner that very
little water is permitted to escape at the sides and
extremities of the float-boards. The effect of a
mill driven in this manner, is equal, accord-
ing to Mr. Smeaton, ¢ to the effect of an under-
shot mill, whose head is equal to the differ-
ence of level between the surface of water in
the reservoir and the point where it strikes the
wheel, added to that of an overshot, whose
height is equal to the difference of level be-
tween the point where it strikes the wheel and
the level of the tail water.” 3 That is, the effect
of the wheel A is equal to that of an undershot
wheel driven by a fall of water equal to m n,
added to that of an overshot wheel whose height
is equal to » 0. M. Lambert of the Academy

n 6o n a6

3 Smeaton on Mills, Scholium, p. 36.
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of Sciences at Berlin,* has shewn, that when the
float-boards arrive at the position o p, they should
be horizontal, or the point p should be lower
than o, in order that the whole space between
any two adjacent float-boards may be filled with
water; and that C m should be equal to the
" depth of the float-boards. He-observes also, that
a breast wheel should be used when the fall of
water is above four feet, and below ten, ,provid-
ed the discharge of water is sufficiently copious ;
that an undershot wheel should be preferred
when the fall is below four feet, and an overshot
wheel when the fall exceeds ten feet; and that,
when the fall exceeds 12 feet, it should be divid-
ed into two, and two breast mills erected. This,
however, is only a general rule which many cir-
cumstances may render it necessary to overlook.
The following table, which may be of essential
utility to the practical mechanic, is calculated
from the formule of Lambert, and exhibits at
one view the result of his investigations.

4 Nouv. Mem. de PAcad. de Berlin, 1775, p.71.



MECHANICS.

190

Table for Breast Mills.

= D....u. : ) ] . Time in  |Turns of |Force of Water rc-
e & & [Breadth of | Depth of |Radius of the wa- Velocity of iwhich the jthe mill- (the water |The ?m.m:_..ﬂ.u lengthlquired per
-5 I .nm the float- | the float- [ter Sran_nnn_aon.n&_”va wheel |wheel per- lstone for lupon the c».. m nin o».. noin  lsecond to
S = «iboards, boards. |from the extremity per second. forms one lone of the !float- Fig. 1, Fig. 1, turn the
...nm. fm Mu of the mow?we»am._ revolution. (wheel. boards.  [Plate Il.  (Plate II. |wheel.
Hﬂ L Ft. Dec.| Ft. Dec. i Ft. Dec. _ Ft. Dec. |Secs. Dec. Ibs. Avoir.| Ft. Dec.| Ft. Dec. | Cub. Ft. _
1 ]0.17 [198. 6 0.75 2.18 1.92 4.80 | 1536 | 0.08 | 0.23 | 74.30
2 ] 0.34 35. 1 1.50 3.09 2.72 6.80} 1084 | 0.15 | 0.46 37.15
3 10.51 12. 7 2.26 .78 3.33 8.32 886 | 0.23 | 0.68 24.77
4 | 0.69 G 3.01 4.36 | 3.84 9.60 | 768 | 0.30 { 0.91 18.57
5 | 0.86 3.57 3.76 4.88 4.28 10.70| 686 | 0.88 | 1.14 14.86
6. | 1.03 2.25 4.51 535 | 470 | 11.76| 626 { 0.46 | 1.37 12.88
7 1 1.20 1.58 5.26 577 5.08 [ 12.70| 581 { 0.53 1.60 10.61
83 1.37 1.10 6.02 6.17 5.48 18.58| 548 { 0.60 | 1.83 9.29
9 | 1.54 0.81 6.77 6.55 5.76- | 14.40] 512 | 0.68 | 2.05 8.26
10 | 1.71 0.77 52 6.90 6.07 15.18 486 | 0.76 | 2.28 7.43
e 3 4 5 6 7 8 9 10 | 11 |
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It is evident from the preceding table, that,
when the height of the fall is less than 3 feet,
the depth® of the float-boards is so great, and
their breadth so small, that the breast-wheel can-
not well be employed; and, on the contrary,
when the height of the fall approaches to 10
feet, the depth of the float-boards is too small in
proportion to their breadth. These two extremes,
therefore, must be avoided in practice. The ele-
venth column contains the quantity of water ne-
cessary for impelling the wheel, but the total ex-
pence of water should always exceed this by the
quantity, at least, which escapes between the
mill-course and the sides and extfemities of the
float-boards.

Mr. Siebike, son of the inspector of mills at Dimensions
Berlin, has given the following dimensions of an 257
excellent breast water-wheel, differing very little
from that which is represented in Fig. 1, Plate 2.
The water, however, instead of falling through
the height ¢ n, which is 16 inches Rhynland
measure,® is delivered on the float-board o p,
through an adjutage 6} inches high. The height
n D is 4 feet 2 inches; consequently, the whole
height C D must be 51 feet. The radius of the
wheel 4 B is 6% feet, the breadth of each float-
board 6% inches, and its depth 28 inches. The
point P of the wheel moves at the rate 7,588
feet in a second. The expence of water in a
second is 5,266 cubic feet, and the force upon
the float-boards 356 pounds avoirdupois. The
turning millstone weighed 1976 Ibs. avoirdupois ;
its diameter was 3 feet 8% inches, and it perform-
ed 2% revolutions in a second.

Plate 11,

I ig. 1.

5 A Rhynland foot is to an English foot as 1033 to
1000, or one Rhynland foot is equal to 12 inches and 4
lines English.
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MECHANICS.

' PRACTICAL REMARKS ON THE PERFORMANCE

AND CONSTRUCTION OF OVERSHOT WATER
WHEELS.

On the method of computing the effective power
of overshot wheels in turning machinery.

I overshot mills, where the wheel is moved
by the weight of the water in the buckets, each
bucket has a different power to turn the wheel ;
and this power is proportioned to the distance of
the bucket from the top or bottom of the wheel ;
or more accurately, to the sine of the arch con-
tained between the centre of the bucket and the
top or bottom of the wheel, according as the
bucket is above or below its centre. The bucket,
for instance, placed upon the top of the wheel,
has no power to turn it ; the bucket next to this
contributes but a little to turn the wheel, because
it is virtually placed at the extremity of a very
short lever ; whereas the bucket, which is equal-
ly distant from the top and bottom of the wheel,
and which is level with the centre, has the great-
est power to turn it, because it acts at the extre-
mity of a lever equal to the wheel’s semidiaméter,
If we suppose, then, that each bucket containg
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one gallon’ of ‘watér, equal in- weight ‘to'10.2
1t avoirdupois; ‘we may, by the'simplest oper-
ations-in-trigonometry, compute, in pounds avqi'r-
dupois;> the power which edch bucket exerts’ in
turning the wheel; andy by taking the ‘sum’ of
these, we will“have the ‘effective weight of : the
water® in the'buekets, arid, consequently,‘its pro-
portion to' the 'real' weight-'of' the water, with
which ‘the“semi-circumference’ of > the " wheel (is
loaded. © Those who choosé to inake:this cdleu-
lation, will find that the total weight ‘of ‘water
upon the semi-circumference of an overshot wheel
is to the effective weight as 1 to .637; but, as
two or three of the buckets at the bottom of the
arch are always empty, the proportion will rather
be as 1 to .75 nearly. From these principles,
we may deduce the following method, ‘simpler
than any hitherto given, of .computing the effec-
tive weight of 'water upon overshot wheels of any
diameter. i ' Lt

Ruvreis—=Multiply the constant number 6.12 Rule for
by half ‘the number of buckets, and this’ pro. ird=& it-
duct ‘by the number of gallons in each bucket;,
and the result will be the effective weight of the
water upon the ‘wheel, three buckets being: sup-
posed empty’at the bottom. - This rule is pretty
accurate ‘for’ wheels from 20 to 82 feet in dia-
meter. But when the diameter of the wheel is

3 This phrase, which is used by practical mechanics, is
very exceptionable ; as every drop of water in the buckets,
excepting the yertical bucket, is efctive. By the effective
weight of the water, therefore, we’ must understand that
weight which, if suspended at the opposite extremity of
theh\vhee], would keep it in equilibris, or balance the loaded
arch.

ol 1. N
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less than 20 feet, the answer given by the rule
must be ‘diminished one pound avoirdupois for
every foot which the wheel is less than 20.

Suppose that it is required to find the effective
weight of water upon a wheel 18 feet in diameter,
having 40 buckets, each containing two- gallons
ale measure. . Then 6.12%X20x2=244.8. But
as the diameter of the wheel is two feet below
20, we must deduct two pounds from the pre-
ceding answer, and the result will be 242.8 it
avoirdupois.

On the performance of Overshot and Undershot
_ Mills..

From a number of accurate experiments made-
by the ingenious Mr. Fenwick, upon a variety of
excellent overshot mills, it appears, that when
the water wheel is 20 feet in diameter, 892 gal-
lons of water per minute (ale measure) will grind
oneboll of corn per hour (Winchester measure);
675 gallons per minute will grind 2 bolls ; 945
gallons, will grind 8 bollsy 1270 gallons will
grind 4 bolls, and 1623 gallons will grind 5
bolls.. From these data it will be easy to com-
pute the performance of an overshot mill, what-
ever be the diameter of the wheel and the supply
of water. :

ExAmrLE 1.—Let it be required to find how
many bolls of corn ‘will be ground by an over-
shot mill, driven by a wheel 25 feet in diameter,
upon which 1150 gallons of water are discharg-
ed in a minute. Say, as the nearest number

© Galls. Bolls. Galls.: Bolls.

1270°: 41150 : 8.62, the quantity of corn
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ground by a wheel 20 feet in diameter. Then

to find the quantity which a 25 feet wheel will
Feet. Bolls. Feet. Bolls.

grind, say, as 20:38.62=25:4.52 the answer
required.

Examrre 2.—Ifitis required to grind 8 bolls
of corn per hour, where the stream discharges
gallons in a minute, What must be the diameter
2220 of the wheel ? Find the number of gallons
which a 20 feet wheel will require for grinding the

iven quantity of corn by the following propor-

& 9 Bolk.tzalls. Bolls. )(’}alls. & prop

tion. As 4:1270=8.5:1111. Then, by inverse
Galls. Feet. Galls. Feet.

proportion, 1111 :20=2220: 10 the diameter
of the wheel required.

In order to find the quantity of corn ground Perform-
by an undershot mill, which is moved by a simi-22¢ of |
lar wheel, and a similar quantity of water, as anmills.
overshot mill ; divide the quantity ground in an
overshot mill by 2.4, and the quotient will be the
answer. If it is required to know what size of
wheel is necessary for making an undershot mill
grind a certain quantity of corn, the supply of
water being given ; find the size of an overshot
wheel necessary for producing the same effect,
and multiply this by 2.4; the product will be
the required diameter of the undershot wheel.

N2
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-

On the formation of the Buckets, and the proper
Veloczt 'y of Overshot Wheels.

Plate 111, Let AM (Plate I, Fig. 4) be part of the
Fig.4  shrouding, or ring, of buckets of an. overshot
roemof Wheel, GOFABCD is the form of one of these
the buckets buckets The shoulder, 4B, of the bucket
of evershet should be one half of AE, the depth. of the
shrouding ; AF should be % more than AZ.
The arm, BC, of the bucket must be so inclined
to 4B, that HC ‘may be £ of AE; and CD, the
wrist of the bucket, must make such an angle
with BCn, the d1recnon of the arm, that Dn may
be £ of En.
Improve- A very considerable improvement, in the con-
e . struction of the bucket, has been made, by Mr.
- Robert Burns, at Cartside, Renfrewshire. He
divides the bucket, by a partition, mB, of such a
height, that the portions of the bucket on each -
side of it, may be of equal capacity. Dr. Robi-
son observes, that this principle is susceptible of
considerable extension, and recommeénds two or
more partitions, particularly when the wheel is
made of iron. By this means, the fluid is T<tain-
ed longer in the lower buckets, and when there
is a small supply of water, it may be delivered
into the outer portion of the bucket, which, be-
ing at a .greater distance from the centre of mo-
tion, increases the power of the water to turn the
wheel. Dr. Robison advises, that the rim of the
wheel, and consequently the breadth of the
buckets, should be pretty large, in order that the
quantity of water, which they receive from the
spout, may not nearly fill the bucket. The spout,
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which conveys the water, should be considerably
narrower than the breadth of the bucket; and
the shoulder /4B should be perforated with a few
holes, in order to prevent the water from being
lifted up by the ascending buckets, The distance
of the spout, from the receiving bucket, should,
in general, be two or three inches, that the water
may be delivered with a velocity a little greater
than that of the rim of the wheel ; otherwise the
wheel will be. retarded, by the impulse of the
buckets against the stream, and much power
would be lost, by the water dashing over them.’
The proper velocity of an overshot wheel is a Velocity of

point, upon which some celebrated mechanicians oyt
have entertained different sentiments. From a
variety of experiments, Mr. Smeaton infers, in
general, that the circumference of the wheel
should move with the velocity of a little more
than three feet per second. ¢ Experience,” says
he, ¢ confirms, that this velocity of three feet
“in‘a second is applicable to the highest over-
¢ shot wheels, as well as the lowest; and all
¢ other parts of the work being properly adapted
¢ thereto, will produce, very nearly, the greatest
¢ effect possible; however, this also is certain,
¢ from experience, that high wheels may deviate
¢ farther from this rule, before they will lose

5 If the spout be one inch and seven-tenths above the re- Height of
ceiving bucket, it will deliver the water with the velocity the spout
of the wheel, that is about three feet per second. In order, abl“’“] R
therefore, to make the velocity of the water exceed a little Vo™
that of the wheel, the height of the spout should be 24
inches, and the water will move at the rate of three feet
seven inches per second. * Dr. Robison recommends three
or four inches; but this is evidently too great, as four
inches gives a velocity of four feet seven inches per sev‘;ond.

N3
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¢ their power, by a given aliquot part of the
¢ whole, than low ones can be admitted to do; for
¢ a wheel of 24 feet high may move at the rate
¢ of six feet per second, without losing any con-

. ¢ siderable part of its power ; and, on the other

Experi-
ments of
Depar- -
cieux,

The effect

of overshot

¢ hand, I have seen a wheel of 83 feet high, that
¢ has moved very steadily and weil with a velocity
¢ but little exceeding two feet.’®

M. Deparcieux * shews, that most work is
performed by an overshot mill, when it moves
slowly, and that the more we retard its mo-
tion, by increasing the work to be performed,
the greater will be the performance of the wheel.
—This important conclusion was deduced, by
Deparcieux, from experiments made upon a small

wheels in- Wheel, 20 inches in diameter, furnished with 48

versely as
their velo-
city.

buckets, which received the water like a breast-
wheel. On the axis of this wheel were placed
cylinders of different sizes, the smallest being
one inch, and the largest four inches, in dia-
meter, around which was wrapped a cord, with a
weight attached to it.> 'When the ‘one-inch cy-
linder was used, a weight of 12 ounces was ele-
vated to the height of 69 inches and 9 lines;
and a weight of 24 ounces was elevated 40
inches. When the four-inch cylinder was em-
ployed, a weight of 12 ounces was raised to the
altitude of 87 inches and 9 lines, and a weight of
24 ounces to the height of 45 inches and 8 lines.
From these results, it is evident, that, with the

§ Smeaton on Mills, p. 35.

X Mcm.‘de PAcad. Paris, 1754, p. 603, 671, -4".; p.
028, 1033; 8™. ;

* The model employed, in Mr. Smeaton’s experiments,
resembles very much that of Deparcieux, though their ex-
periments were made about the same time.
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Tour-inch cylinder, when the motion was slowest -
the effect was greatest, and that, when a double
weight was used, which diminished the wheel’s
velocity, the weight was raised to more than half
its former height.?

This increase of performance, by diminishing causes of
the wheel’s velocity, has been ascribed to differ- this
ent causes. Deparcieux and Brisson account for
it, by saying, that when the motion of the wheel
is slow, the same portion of water acts more ef-
ficaciously. - ‘Dr. Robison and Mr. Smeaton
ascribe it to a greater quantity of water pressing
on the wheel ; for, when the wheel’s motion is
slow, the buckets receive more water as they pass
the spout. One of the most powerful causes,
however, is, a diminution of the centrifugal force

3 Mr. J. Albert Euler, whose memoir, on the best Me-
thod of employing the Force of Water and other Fluids,
gainedthe prize, proposed by the Royal Society of Got-
tinger, in 1754, has also shewn, that the more slowly an
overshat, or breast-wheel, with buckets, moves, the greater
will be its performance. Sec the Comment. Gotting. 1754,
or the ournal Etranger, Der. 1756. Mr. Smeaton, too,
deduces, from his experiments, this general rule, that, cee
teris paribus, the less the velocity of the wheel, the greater
will be its effect. But he oblerves, on the other hand,
that, when the wheel of his model made about 20 turns in
a minute, the effect was nearly the greatest; when it made
30 turns, the effect was diminished about 4% part; and that,
when it made 40, it was diminished about one-fourth; when
it made less than 18} turns, its motion was irregular;
and when it was loaded so as not to admit its making 18
turns, the wheel was overpowered by its load ; Smeaton on
Mills, p. 33. For farther information on this subject, we
must refer the reader to the original memoirs quoted above,
in the first of which Deparcicux proves his point, by rea-
soning, and in the second, by experiment ; or to Brisson's
Traite de Physique, tom. i, p. 306, edit. 3, where there is
a general view of Deparcieux’s experiments.
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of the water-in the buckets ; for, when the velo-
city of .the wheel is ‘great, the water, receding
from the centre, is thrown. out ofithe buckets,
and :they are .emptied sooner thanthey would
have been, had the wheel moved with:less velo-
city. & N
el ?n the Memoirs of the Academy of Berlin, for
wheels, 1755, M. Lambert has published a dissertation
on the ‘theory of .overshot mills; but does not
seem to be in-the least degfee acquainted with
the improvements; which have been made upon
‘ them;:in this country. - He supposes the buckets
Plate 111, ‘to have the form GF fg, (Fig. 4, Plate III), so
Fig- 4 that about one quarter-only of the circumference
of the wheel is filled with water. Notwithstand-
ing these circumstances, however, the following
table, computed from his formule, may be of
cqnsiderable advantage to the millwright.



'

. MECHANICS.

201

Table for Overshot Nills.

“ A -A
"Height of [Radius of the| Width of | Depth of | Velocity | Time, |Turns of | Force of _ The The | Quantity
the fall, wheel the the _ of the | in which | the mill- {the water length of | length of | of water
reckoning | reckoning | buckets. | buckets, wheel per|the wheel| stone for | upon the | ma,in | no,in | required
from the sur-| from the sccond. |performs jone of the buckets. | Fig.1, | Fig. 1, |per second
face of the [extremity of one re- | wheel Plate IL. | Plate L [to turn the!
stream. - |the buckets, volution. wheel.
Feet. Tt. Dec. | Ft. Dec. | Ft. Dec. m Ft. Dec. | Sec. Dec. _ ?:. ><or..m Ft. Dee. | Ft. Dec. Jubic F ¢,
A 2.83 | 1.00 | 2.02 | 5.27 | 8.38| 8.45| 636 | 0.33 | 1.15 |10.55
8 3.22 | 1.14 { 1.44 | 563 | 3.61| 9.02| 595 | 0.38 | 1.82 |- 9.23
3, 3.63 | 1.27 | 1.07 | 594 | 3.83| 0.57| 565 | 0.42 | 1.48 | 8.21
10 4.04 | 0.43 | 0.82 6.30 | 4.04'10.10| 531 | 0.48 | 1.65 | 7.38
11 4.45 | 0.57 | 0.65 | 6.60 | 4.28 10.57| 511 | 0.52 | 1.81 6.71
12 4.86 | 0.71 | 0.52 . 6.89 | 4.42 1105 486 | 0.57 | 1.98 | 6.15
1 2: JimdEE 455 | 6 FMmi s [ o Fae [ u
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M. Le Chevalier de Borda, in his excellent
memoir on water-wheels,® has shewn, that
overshot wheels will produce a maximum ef-
fect, when their- diameter is equal to the great-
est helght of the fall, when the water enters
the buckets on a level with the surface of the
reservoir, or canal, and when the velocity of
the wheel is infinitely small. But though the
greatest possible effect can be produced only
when these conditions are observed, yet a small
deviation - from thein, which is absolutely ne-
cessary, "in practice, does not greatly diminish
their performance., If, for example, we sup-

pose the waterfall to be 12 feet, and the dia-

meter’ of thé wheel only 11 feet, so that the
water falls through the space of one foot, before
it enters the buckets, and, if we suppose also,
that 25 degrees of the semicircumference of the
wheel are unloaded, whilé the remaining 155
degrees are filled w1th water, then, when the
wheel has a velocity of four feet per second the
maximum effect is diminished only ;%-; and if
the velocity be augmented to six feet per second,

the diminution amounts only to X of the great-
est possible effect.

In practxce, however, a fall of two or three
inches is sufficient ; so that, if the wheel, in the
preceding example, had- been made 11 feet 9
inches, the diminution of effect would have been
still more inconsiderable.

In comparing the relative effects of water-
wheels, the Chevalier de Borda observes, that
overshot wheels will raise, through the height of

¢ Mem. de I' Acad. Paris 1767, 4°, p. 256.
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the fall, a quantity of water equal to that by
which they are driven; that undershot vertical
wheels will produce only % of this effect; that
horizontal wheels will produce a little less than
one half of it when the float-boards are plain,
and- a little more than one half when the float-
boards are of a curvilineal form.

Besant’s Undershot W heel.
The water wheel invented by Mr. Besant of B2
Brompton is constructed in the form of a hollow wheel.
drum, so as to resist the admission of water. The
float-boards are fixed obliquely in pairs on the
periphery of the wheel, each pair forming an
acute angle, open at its vertex. This is re-
presented in Fig. 8, where 4 B is the wheel, Pl X1,
C D its axle, and m n, o p, the position of the Fig- 3
float-boards. In common undershot wheels, their
motion is greatly retarded by the resistance op-
posed by the tail water to the ascending float-
boards ; and their velocity is still farther diminish-
ed by the resistance of the air. But when the
preceding construction is adopted, the resistance
of the air and the tail water is greatly diminished
by the oblique position of the float-boards.

Account of an Improvement in Flour Mills.

In most of the flour mills in Scotland and Eng- Improve-
land, a considerable quantity of manual labour isg e =y
necessary before the wheat is converted into flour.

When the grain is ground and conveyed into the
trough from the mill stones, it is afterwards put

into bags and raised to the top of the mill house,
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to be laid /into the cooling boxes or benches,
from which it is conveyed into - the bolting ma-
chine, to be separated from the bran or husk.
This manual labour may be saved by adopting
an improvement, for which we are indebted-to
the ingenuity of the American mill-wrights. A
large screw is placed horizontally in the trough,
which receives the flour from the millstones.
The thread or spiral line of the screw is compos-
ed of pieces of wood about two inches broad,
and three long, fixed into a wooden cylinder 7
or 8 feet in length, which forms the axis of the
screw. When the screw is turned round this
axis, it forces the meal from one end of the
trough to the other, where it falls into another
trough, from which it is raised to the top of the
mill house by means of elevators, a piece of ma-
chinery similar to the chain pump. These ele-
vators consist of a chain of buckets or concave
vessels like large teacups, fixed at proper dis-
tances upon a leathern band, which goes round
two wheels, one of which is placed at the top of
the mill house, and the other at the bottom, in
the meal troygh. When the wheels are put in
motion, the band revolves, and the buckets, dip-
ping into the meal trough, convey the flour to
the upper storey, where they discharge their
contents. The band of buckets is inclosed in
two square boxes, in order to keep them clean,
and preserve them from injury.
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ON DR.BARKER’S MILL,

"Tais mill, which is sometimes called Parent’simprove-
Mill, has already been described at considerable < tF°"
length in the supplement.*: It has exercised the mill.
ingenuity of Euler and Bernouilli; and its theory

seems to be as complicated as its construction is
simple. Instead of conveying the water into the’

top of the vertical pipe DB, M. Mathon de la
Cour? proposes to bend the pipe 4, which con- plate 111,
ducts the water from the reservoir, down by the Sup- Fig- -
letters ONGP, and to introduce the fluid into

the horizontal arm C at the point g.- 'When the
water is thus conveyed into'the machine, it rushes

out at the holes d and e, with a velocity corres-:
ponding to the height of the reservoir, and the
trunck c will revolve ‘with a retrograde motion.

The cause of this is obvious. If the hole d were

shut up with a cylindrical pin, the pressure upon

the circular area of its base would be equal to a
column of water whose base is equal to this cir-

cular area, and whose length is the height of the

water in the reservoir.  But the same force is

* See Rozier’s Journal de Physique, Jan. and Aug.1775.
See p. 97 of this volume,
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Mode of its exerted on an equal portion of the tube opposite

operation.

The effect
is diminish-
ed by the
velocity.

to the aperture d. The pressures, therefore, up-
on each side of the arm ¢ will be equal and op-
posite, and no motion will ensue. As soon, how-
ever, as the hole d is opened, the pressure is re-
moved from that part of the tube, and the arm ¢
is driven backwards by the unbalanced pressure
on the opposite side. Dr. Robison imagines that
this unbalanced pressure is equal to the weight
of a column of water, having the orifice for its
base, and twice the depth under the surface of
the water in the trunk for its height, upon the
supposition that the arm € is also impelied by
the reaction of the issuing fluid. Upon this sup-
position, which is extremely plausible, Barker’s
mill must be a very powerful machine; and
when water is used as the impelling power of
machinery, it will produce much greater effects
by its reaction, than it does either by its impulse
or gravity.

As soon as the machine begins to move, the
horizontal arm -withdraws itself: from the pres.
sure ; the impelling power is consequently dimi-
nished, as it depends upon the relative velocity
of the arm €, and the issuing fluid. ' Dr. Desa-
guliers® maintains, that when the engine is in mo-
tion, the pressure is equal to the weight of a
column, which would make the velocity of efflux
equal to the relative velocity of the fluid and the
machine; and from this he ‘concludes, that it
will produce a maximum effect when the veloci-
ty of the arm is § of the velocity acquired by
talling from the surface of the water in the reser-
voir, in which case it will raise to the same height

Ay
3 Experimental Philosophy, vol. 11, 3% Edit. p. 459,

o
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-2 of the water expended, though ;% is the quan-
tity raised by an undershot mill. :

The velocity of the machine is no doubt- in- And by the

. ; . inertia of
creased by the centrifugal force of the water in e guis. °
the arms ; but this effect is completely counter-
acted by the inertia of the fluid. Yeor,asa new
quantity of water is constantly entering the arms,
a considerable portion of its velocity must be lost
in communicating to this water the circular mo-
tion of the arms. This diminution of velocity
may be prevented in some measure by enlarging
the diameter of the horizontal arms, which will
cause the water to move more slowly to. the
aperture ; but when this is to be done, the form Form re-
recommended by Euler will be most advantage- §3’§;‘g§§;
ous. In Fig. 4, is represented a section of 'the pj,.c xur,
machine, with this form. The canal a delivers the App.Fig.4-
water into the bason CDMN; in the direction of
the tangent, and with the same velocity as the
machine. The water then descends in spiral ex-
cavations formed by partitions between the co-.
noids C¥, EM, and D E, FN; and. when it
reaches the bottom F, the water flows off "in the
direction of the tangent, by means of a spout for
each excavation. .

It has often occurred to me;that a very power- New kind
ful hydraulic machine might be constructed, by %3
combining the impulse with the reaction of water. suggested.
If the spout a, for example, instead of delivering
the water into the bason CD, were to throw it
upon a number of curvilineal float-boards, fixed
on the circumference CD, and so formed as to
conveythe water easily into the spiral excavations,
we should have a machine something like the
conical horizontal wheel in Fig. 2, with spiral
channels instead of spiral float-boards, and which
would in some measure be moved both by the
impulse, weight, and reaction of the water.
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Piactical Rules Jor the C’onstructzon of Barl:e'i"
Mill, gzwn by Mr. W'arm

Practical o, 7, Make the arm of the rotatory tube, from

™ the centre of motion to the centre of ‘the aper-
ture, ‘of any convenient length not ‘less than %
(% according to Mr. Gregory,* who has cotrect-
ed some of Waring’s numbers) of the ‘perpendi-
cular height of the water s ‘surface above their
centres.

i2, Multiply the length of the'arm in feet by
(614, and ‘take the square root of the product
for the proper time of.a revolution in seconds,
and ‘adapt' the other -parts of the machinery to
this velocity ; or;

3, If the time of ‘a revoluuon be given, ‘mul-
tlply the square of this time by 1.63 for the pro-
portional length of the arm. -

4 Multiply together the breadth, depth, and
velocity, per second, of the race, and divide the
last product by 18.47 (14.27 according to Mr.
Gregory) times the square root of the height, for
the area of either aperture.

&, Multiply the area of either aperture by the
height of the head of water, and the product by
415 (55.775 according to Mr. Gregory) pounds,
fot the moving force estimated at the centres of
the apertures in pounds avoirdupois.

6, The power and velocity at the aperture may
be easily reduced to any part of theé machinery
by the simplest mechanical rules.

¢ Transactions of the Americ. Phil, Soc. vol. iii, p- 193.
5 Mechanics, vol. ii, p. 111,
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M. Mathon de la Cour gives us the following Dimensions
dimensions of one of Dr. Barker’s mills, which 9f ene of
was erected at Bourg Argental, in order to work mills.
ventilators for a large room. The length of the plate 111,
horizontal trunk C was 7 feet 8 inches, and its Fig- I, Sup.
diameter 3 inches; the diameter of the orifices,
at d and e, 1% inches; the height of the reser-
voir, above the trunk C, is 21 feet ; the diameter
of the pipe, which conveyed the water into C,
from below, was 2 inches at their junction, and
was fitted into it by grinding.

When this machine was doing no work, and
when the fluid issued only from one aperture, it
performed 115 revolutions in a minute. The
aperture, therefore, was moving with the velocity
of 46 feet per second ; whereas, if this aperture
were at rest, the water would have issued only with
a velocity of 37% feet per second. Dr. Robison*
observes, that this great velocity was produ-
ced by the prodigious centrifugal force of the
water.

Might it not be advantageous to have another
horizontal arm crossing C at right angles ?3

* Encyclop. Britan. vol. xviii, p. 909, where the reader
will find some excellent remarks upon this machine.

3 Those, who wish to study this important subject with
attention, will find the investigations of Euler in the Mem.
Acad. Berlin, 1751, and in the Nov. Comment. Petrop.
tom. vii, and those of Bernouilli, at the end of his Hydrau-
lics. - See also the Exercitationes Hydraulicze of Professor
Segner, who gives Barker’s mill as an invention of his own !
and the works which have alrcady been quoted. J. A.
Euler proposed a machine to be'driven by the re-action of
the water in the Com. Gotting. 1755.

Pol. 11, ) (0%



MECHANICS.

ON THE FORMATION OF THE TEETH OF WHEELS
AND THE LEAVES OF PINIONS.

Ou the for- s :
e O I HouGH nothing is more essential to the per-

the teeth of fection - of machinery than the proper formation
wheels, &¢. of the teeth of wheéels, and those parts. of en-
gines, by which their force and velocity are
conveyed to other parts; yet no branch of
mechanical science has been more . overlooked
by the speculative and practical mechanics of this
country, In vain do we search our systems of
experimental. philosophy for information on this
point. Their authors seem either to reckon it
beneath their notice, or to be unacquainted with
thelabours of De laHire, Camus, andother forexgn
academicians, who have written very ingenious
dissertations on the teeth of wheels. It'is in the
memoirs, indeed, of these philosophers, that all
our knowledge upon this subject is contained, if
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we except a few general remarks, by the learned
Mr. Robison.? '

It would be easy to shew, did the nature .ofgf,‘:f:;‘;r g
this work permit, that when one wheel drivesduced by
another, it is not driven with an uniform forcei}”fc’c?}:"d‘
and velocity, or, in other words, the one wheel g
will act sometimes with greater, and sometimes
with less, force, and the other will move some-
times with a greater, and sometimes with a less
velocity, unless the teeth of one or of both the
wheels be parts of a curve, generated after the
manner of an epicycloid,* by the revolution of
another curve along the convex or concave side
of a circle. " It will be sufficient, for our pre-
sent purpose, to shew, that, when one wheel
impels another, by the action of epicycloidal
teeth, the moments of these wheels will be
equal. Let the wheel B~ Fig. 7, drive thePltc1
wheel A, by the action of the epicycloidal teeth ™57
mmn, m' n'; &c. upon the infinitely small pins, or
spindles, a, 4, ¢, and let the epicycloids, m =,

&c. be generated, by the circumference c b a,
moving over the circumference m” m/ m. Itis
evident, from the formation of the epicycloid,
that the arch @ 4 is equal to the arch m m/, and

3 Two ingenious memoirs have also been written upon
this subject, by A. G. Kaestner, entitled, Dec Dentibus
Rotarum, and published in the Comment. Reg. Soc. Got-
ting. vol. iv, and v, 1781, &c. The celebrated Euler has
also treated this subject with great ability, in his memoir
De aptissima Figura Rotarum Dentibus tribuenda, Nov., Com-
ment. Petropol. 1754, 1755, tom. v, p. 200. :

4 Under curves, of this description, are comprehended.
those which are formed, by eyolving the circumferences
of circles, for it is demonstrable, that these involutes are
epicycloids, the centres of whose generating circles are in-
finitely distant.

02
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the arch .ac -to mm”; for, when the part b m',
of the epicycloid m’ n', is forming, every point
of the arch ab is applied to every point of the
arch mm'; and the same may be said of the
arch ac. Since, then, the wheels B and 4,
that is, the power and the weight, move through
equal spaces, in equal times, equal weights act-
ing in opposite directions, at the points ¢ and
m, will be in equilibrio: but, as the power of
the wheel B must always be greater than the
resistance of the wheel 4, which is put in
motion, this power will, during the whole of
the action, have the same relation to the resist-
ance which. it overcomes, and the one wheel
will impel the other with an uniform force and
velocity.
Thispro-  For the discovery of this property of. the epi-
nggc';if? cycloid, which Dr.. Robison erroneously ascribes
giscovered to De la Hire, or Dr. Hook, we are indebted to
by Roemer: the Danish. astronomer Olaus Roemer, the dis-
coverer of the progressive motion of light ; and
Wolfius, upon whose authority this fact is stated,’
laments, that the. mechanics of his time did not
avail themselves of the discovery..

In order to insure an uniformity of pressure
and velocity, in the action of one wheel upon
another, it is not necessary that the teeth, either

- of one or both wheels be exactly epicycloids.

? Ex eodem fonte Olaus Rosmerus, cum Parisiis commo-
raretur, quamvis non sine’ subsidio Geometriwx sublimioris,
deduxit figuram dentium in rotis epicycloidalem esse de-
bere: id quod post eum quoque ostendit Philippus de la
Hire: sed quod dolendum hactenus in!praxin recepta non est.
Wolfii Opera Mathemat. tom. i, .p. 684. "The same fact
is .stated by Leibnitzy in'the Miscellan. Berolinens. 1710,
p. 315.
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if the teeth of one of them be either circular,
or triangular, with plain sides, -or like a triangle,
with its sides converging to the wheels’ .centre,
or, indeed, of any other form, this uniformity
of force and motion will be attained, provided
that the teeth of the other wheel have a
figure which is compounded of that cf an epi-
cycloid and the figure of the teeth of the first
wheel.® But, as it is often difficult to describe
this compound curve, and sometimes imj.ossible
to discover. its nature, we shall endeavour to
select such a form for the teeth as may be
easily described by the practical mechanic, while
it ensures an uniformity of pressure and velocity.
But, in order to avoid circumlocution and ob-
scurity, we shall call the small wheel, (which is
supposed always to be driven by a greater one),
the pinion, and its teeth the leaves of the pinion.
"The line, which joins the centres of the wheel and
pinion, is called the line of centres.—Now there
are three different ways, in which the teeth of
one wheel may act upon the teeth of another; and
each of these modes of action requires a differ-
ent form for the teeth.

L. When the teeth of the wheel begin to act upon pifferent
the leaves of the pinion, just as they arrive atmedesin
the line of centres; and when -their mutual wheel may

action is carried on after they have passed thisact upon
line. ) ano;her.

II. When the teeth of the wheel begin to act
upon the leaves of the pinion, before they

* M. de la Hire has shewn, in a variety of cases, how to
find this compound curve.
O3
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arrive at the line of centres, and conduct
them either ‘to this line or a very little be-
yond it. {

III. When the teeth of the wheel begin to act
-upon the leaves of the pinion, before they ar-
rive at the line of the centres, and continue to
act after they have passed this line,

I. ‘The first of these modes of action is
recommended by Camus and De la Hire, the
latter of whom has'investigated the form of
the teeth solely for this particular case, It is
represented, in Fig. 2, where ‘B is the centre
of the wheel, 4 the centre of the pinion,
and 4B the line of centres. It'is evident, from
the figure, that the part 0 of the tooth a4 of
the wheel, does not begin to act on the leave
m of the pinion, till they arrive at the line of
centres AB; and that all the action is carried on
after they have passed this line, and is completed
when the leaf m comes into the situation n.*

"When this mode of action is adopted, the

acting faces of the leaves of the pinion should
be parts of an interior epicycloid generated by a
circle, of any diameter, rolling upon the con-
cave superfices of ‘the pinion, or within the
circle edh; and the acting faces a b of the
teeth of the wheel should be portions of an ez-
terior epicycloid, formed by the same generating
circle, rolling upon the convex superfices odp
of the wheel. 1P

- Now, it it is demonstrable, that when one
circle rolls within another, whose diameter is

4 The tooth ¢, in the Figure, should have been in ¢on-
tact with the leaf #, and on the point of quitting it.
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double that of the rolling circle, the line gene-

rated, by any point of the latter, will be a
straight Jine, tending to the centre of the larger

circle. 1f the generating circle, therefore, men- o straight
tioned above, should be taken, with its diameter, linc may be
equal to the radius of the pinion, and be made §rierang.
to roll upon the concave superficies m b & of the ally.
pinion, 1t will generate a straight line, tending

to the pinion’s centre, which will be the form of

the acting faces of its lcaves, and the teeth

of the wheel will, in this case, be exterior
epicycloids, formed by a generating circle,

whose diameter is equal to the radius of the pi-

‘nion, rolling upon the convex superfices odp

of the wheel. This form of the teeth, viz.

when the acting faces of the pinion’s leaves

are right lines, tending to its centre, is exhibited,

in Fig. 8, and is, perhaps, the most advantage- Fig- 5-
ous, as it requires less trouble, and. may be
executed with greater accuracy than if the cur-

vilineal form had been employed. It is recom-
mended, both by De la Hire and Camus, as par-
ticularly advantageous in clock and watch work.

The attentive reader will perceive, from Fig. 2, Fig. ;.
that, in order to prevent the teeth of the wheel
from acting upon the leaves of the pinion, before
they reach the line of centres 4B ; and that one
tooth of the wheel may not quit the leaf of the
pinion, till the succeeding tooth begins to act
upon the succeeding leaf, there must be a certain
proportion between the number of leaves in the
pinion, and the number of teeth in the wheel;
or between the radius of the pinion, and the
radius of the wheel, when the distance of the
leaves AB is given. But, in machinery, the
number of leaves and teeth is always known,
from the velocity, which is required at the work-

%
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ing point of the machine. It becomes a matter,
therefore, of great importance, to determine,
with acCuracy, the relative radii of the wheel and
pinion.*

For this purpose, let 4, Fig. 8, be the
pinion, having the acting faces of its leaves
straight lines, tending to the centre, and B the
centre of the wheel, 4B will be the distance
of their centres. Then, as the tooth € is sup-
posed not to act upon the leaf 4m, till it arrives
at the line 4B, it ought not to quit Am,
till the following teeth F' has reached the line
AB. But, since the tooth always acts in the
direction of a line drawn perpendicular to the
face of the leaf A4m, from the point of contact,
the line CH, drawn at right angles to the face
of the leaf Am, will determine the extremity
of the tooth ¢D, or the last part of it, which
should act upon the leaf 4m, and will also
mark out CD, for the depth of the tooth. Now,
in order to ﬁnd AH, HB, and CD, put a for
the number of teeth in the wheel, & for the
number of leaves in the pinion, ¢ for the distance
of the pivots 4 and B, and let & represent the
radius of the wheel, and 3 y that of the pinion.
Then, since the c1rcumference of the wheel is to
the circumference of the pinion, as the number
of teeth in the one to the number of leaves in
the other, and as the circumferences of circles
are proportional to their radii, we shall have,
a: b=ux y, then, by composition, (Eucl. v. 18),
a+b:b=c:y, (¢ being equal to a+y), and,

9 A very mgem